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6.0 PUBLIC HEALTH EVALUATION ]059

6.1 INTRODUCTION

This public health evaluation addresses the potential impacts to human health
associated with the Dorney Road Landfill site in the absence of remedial
(corrective) action. This assessment therefore constitutes an evaluation of
the no-action alternative required under Section 300.68(f)(v) of the National
Contingency Plan (NCP). Such an assessment will enable a determination of
whether remedial actions are required for any areas of the site.

This endangerment assessment had been conducted using generally conservative
assumptions according to the general guidelines outlined by EPA. The purpose
of using conservative assumptions is to compensate for uncertainty and to
explore the potential for adverse health effects using conditions that tend to
overestimate risk so that the final estimates will usually be near or higher
than the upper end of the range of actual exposures and risks. As & result,
this endangerment assessment should not be construed as presenting an absolute
estimate of risk to human or environmental populations; rather, it is a
conservative analysis intended to indicate the potential for adverse impacts
to occur. :

This assessment follows the EPA guidance for risk assessment in general and
for Superfund sites in particular (EPA, 1985a, 1986a, b, ¢, d) and is based
mainly on data generated during the Remedial Investigation (RI) undertaken
during 1988. The assessment is organized as follows:

Section 6.2, "Identification of Chemicals of Potential Concern." Chemicals
detected in environmental media (soil, groundwater, surface water, sediment,
and residential wells) are identified and their distribution evaluated to
identify chemicals that are most likely to contribute to a human health risk
and which will be considered for evaluation in this assessment.

Section 6.3, "Human Exposure ASseSsment.' Potential pathways by which human
populations may be exposed under current or potential future land-use
conditions are identified. :

Section 6.4, “Human Risk Characterization." As one measure of risk,
concentrations of chemicals of potential concern at exposure points are ,
compared with applicable or relevant and appropriate requirements (ARARs).
Because ARARs are not available for all chemicals in all media, quantitative
risk estimates are also developed by combining the estimated intakes of
potentially exposed populations (derived:using conservative assumptions
regarding chemical concentrations, exposure duration, route, frequency, and

" absorption of chemicals) with health effects criteria.

Section 6.5, "Summary and Risk Assessment Uncertainties.” The salient
features of the risk assessment are summarized and conclusions are presented.
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6.2 [IDENTIFICATION OF CHEMICALS OF POTENTIAL CONCERN

6.2.1 Site Description -

The Dorney Road site is situated along the southwest boundary of Upper /
Macungie Township in Lehigh County, Pennsylvania. The site covers

approximately 27 acres of documented landfill area which is bounded to the

 @ast by Dorney Road and extends westward to Longswamp Township in Berks

County. The area is zoned for agricultural use and the site is completely
surrounded by cultivated farmland where feed corn is grown for dairy and beef
cattle. Ground cover on the site consists of sparse grass. .

Prior to 1966, the site was an open dump with waste disposed in an abandoned
iron mine. In 1966 a landfi)1 was begun on the site and continued until
operations were ceased in 1979. A State memorandum dated September 14, 1976,
1isted four wastes deposited at the landfill as sludge from a General Electric
Plant, sludge from Reichard-Carlston, Inc. of Bethlehem, Pennsylvania,
batteries from Deka Battery of East Pennsylvania, and approximately 400 1bs.
par year of asbestos waste from Atlas Mineral. Population within a quarter
mile radius of the site is astimated at 20. At present, only one resident is
within 1,000 feet of the site and three residents within 2000 feet of the
site. The water supply for residents of these nearby homes is groundwater
from private wells.

In Tables 6-1 to 6-13 the environmental data are summarized. Frequencies of
daetection, geometric means!, maximum detected values, and background

concentrations of each chemical in an individual medium are presented. Sample
levels were compared to levels detected in the background or field reference )
samples. The following guidelines were used in evaluating data: \\_’/

- ..To calculate the geometric mean for media in which a chemical was
positively detected in one or more samples, nondetects were included in
the mean by using one-half of the contract laboratory required detection
limit. This value is commonly assigned to nondetects when averaging data
for risk assessment purposes, because the actual value can be between
zero and a value just below the detection limit. ‘

- Certain concentrations were flagged with a *J", indicating that these
chemicals were detected but that the reported concentrations were
estimated. Although use of these estimated results adds an additional
degree oftuncertalnty to the concentrations, they have been used in this
assessment.

1
Geometric means rather than arithmetic means were calculated because
most collections of measurements of environmental contaminants are log-
normally distributed (Dean, 1981). )

6 -2 -
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. PR Table 6-1 i

'Distribution of Chemicals Detected in On-site Surface Soil
Samples Collected from the Dorney Road
Landfi11 and Background Concentrations

Dorney Road RI

Number of ]
Frequency'a Estimatsd Geometric Backgrognd
of Detection® Values Mean Maximum Range
RGAN _ (a1l concentrations in ug/kg)

Benzene , : 3/27 3 2.26 1 < 5
Chlorobenzene 12/27 10 2.81 24 < 5
Chloroform 11726 . 10 2.85 72 < 5
EthylBenzene /27 - 1 2.82 41 < 5
Acetone 5/ 9 3 78.68 11000 <10
2-Butanone 1/ 1 2 NA 710 <10

2-Hexanone 1727 1 NA 20 <10 .
4-Methyl-2-pentanone 1727 1 NA 47 <10
Acenaphthene 1727 0 KA 840 <330
Anthracene 2/27 1 175.1 715 <330
Acenaphthylene 1/27 1 NA 71 <330
Benzo(a)Anthracene 4/27 3 176.36 970 <330
~ B(a)Pyrene §/27 3 177.07 980 <330
. B(b)Fluoranthene 4/27 2 210.09 2250 <330
B(g,h,i)Perylene /27 2 171.71 340 <330
B(k)Fluoranthene 4/27 2 200.79 2250 <330
Bis(2-ethylhexyl)phthalate 11/27 8 206.06 20000 <330
Butylbenzylphthalate /27 2 168.1 585 <330
Chrysene 5/27 2 196.8 1600 <330
Dibenz(a,h)anthracene 1727 1 NA 33 <330
. 1,4-Dichlorobenzene 3/27 3 178.8 960 <330
Diethylphthalate 2/27 2. 164.12 380 <330
Di-n-Butylphthalate 3/26 0 213.6 2000 <330
Di-n-Octylphthalate 2/27 2 178.06 710 <330
Fluoranthene §/27 3 192.03 2450 <330
Fluorene 3/27 3 172.3 715 <330
Indeno{1,2,3-cd)pyrene /27 2 170.53 © 260 <330
Naphthalene 4,27 2 185.2 1215 <330
N-Nitrosodiphenylamine 2/27 2 168.02 370 <330
Phenanthrene §/27 2 200.5 3530 <330
Pyrene , : 5/27 3 162.5 T 1900 - <330
2-Methylnaphthalene 3/27 2 186.2 1200 <330
Phenol 4/21 4 171.9 410 <330
2-Methylphenol 1727 1 NA 70 <330
§-Methylphenol 4/21 1 222.8 3400 <330
Benzoic Acid . 3/27 2 749.6 2000 <1600

6 -3
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o . Table 6-1 (continued)
Distribution of Chemicals Detected in On-site Surface Soil .
Samples Collected from the Dorney Road /
Landfi11 and Background Concentrations

Dorney Road Rl

Number of

Frequency a Estimatsd Geometric Backgrognd
of Detection Values Mean Maximum  Range
Dieldrin 2/27 0 9.38 88 <16
PCB-1254 1727 0 NA 650 <160
ORGANIC (al1 concentrations in mg/kg)
Antimony 1727 1 NA 213 < 60
Arsenic 6/ 6 5 5.83 16 <10
Beryllium 27/27 6 2.76 6.3 2.1
Cadmium 5/27 0- 2.59 2.1 < 5
Chromium 21727 19 23.16 1580 16
Copper - 21727 13 24.0 216 15
Lead 21/27 27 158.2 90600 25
Mercury 19727 14 0.13 0.23 < 0.2
Nickel 26/27 14 55.06 3580 39
Thallium 19727 0 L7 3.7 0.7 \_/
“Iinc 27727 9 141.6 472 117
Barium 27727 20 72.7 164 81
Iron 27727 0 45415.8 61500 54000
Manganese 27/217 0 1354.8 5070 2770
Yanadium 271/271 0 29.6 54 45
Aluminum - 21/27 0 11889 25100 - 12900
Cobalt 27727 3 31.2 64 72
Magnesium- 27727 13 1271.7 3520 1010
Calcium 27721 8 871.7 11670 585
Sodium 5/27 0 1887 789 < 5000
Potassium 1/27 0 1467 1180 < 5000

3Number of times detected/number of samples (total number of samples may vary as a
brgsult of validation or number of samples analyzed).
cConcentrations reported with J qualifier.

If a chemical was not detected, the detection limits are presented.

" NA = not applicable. Only detected in one sample, and use of one-half of the

detection 1imit in calculating the mean results in a mean concentration that
is less than the detection limit. .
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Table 6-2

Distribution of Chemicals Detected in Off-site Surface Soil
Samples Collected from the Dorney Road

Landfill and Background Concentrations

Dorney Road RI

Number of
Frequency 1 Estimated Geometric Backgroand
of Detection Values Mean Maximum Range

ORGANICS (811 concentrations in ug/kg)
Chlorobenzene 7/10 6 2.78 8 < 5
Chloroform 1/10 | NA § < 5
Acetone 2/3 2 335.3 5800 < 10
2-Butanone 1/10 1 NA 120 < 10
Bis(2-ethylhexyl)phthalate 1/10 1 NA 74 < 330
JINORGANICS (211 concentrations in mg/kg)
Arsenic 5/5 5 7.39 15 < 60
Beryllium 10/10 5 2.27 4.8 2.1
Cadmium 3/10 0 2.45 2.8 < 5
Chromium 10/10 10 31.9 108 16
Copper 10/10 6 17.8 . 46 15
Lead 10/10 10 64.8 248 25
Mercury 2/10 0 0.18 0.15 < 0.2
Nickel 10/10 3 39.18 199 38 .
Thallium 7/10 0 1.83 1.7 0.7
Zinc 10/10 0 120.5 217 117
Barium 10/10 5 92.4 213 8l
Iron 10/10 0 §1,727.8 102,000 54,000
Manganese 10/10 0 1844.1 ' 4730 2770
Vanadium 10/10 0 42.01 57 45
Aluminum 10/10 0 15,303 21,800 12,900
Cobalt 10/10 2 42.7 124 72
Magnesium 10/10 5 1851.04 3060 1010
Calcium 10/10 0 1139.6 2390 585
Potassium 3/10 0 - 1723.99 811 <5000

Number of times detected/number of samples (totalinumber of samples may vary as a
bresult of validation or number of samples analyzed).

c

Concentrations reported with J qualifier.
If a chemical was not detected, the detection limits are presented.

NA = not applicable. Only detected in one sample, aﬂd use of one-half of the
detection limit in calculating the mean results in a mean concentration that

is less than the detection limit.

6-5
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Table 6-3
Distribution of Chemicals Detected in Subsurface Sofl .
Samples swaste Soi1) Collected from the Dorney Road
Landfi11 and Background Concentrations
Dorney Road RI
Number of :
Frequency a Est1mat5d Geometric Backgrognd
~ of Detection Values Mean Maximum Range
ORGANICS (a1l concentrations in ug/kg)
Benzene 1/4 1 NA 2 < 5
Chlorobenzene 2/4 2 4.49 13 < 5
Chloroform 3/4 3 3.08 6 < 5
1,2-Dichloroethane 1/4 0 NA 19 < 5
Ethylbenzene 3/4 0 16.4 200 < 5
Tetrachloroathene 174 1 NA 5 < 5
Toluene _ 2/2 0 81.5 190 < 5
Acetone 1/1 1 NA 980 < 10
2-Butanone 4/4 4 72.5 1800 < 10
Carbon disulfide 174 1 NA 3 < 5
2-Hexanone 3/4 2 16.6 37 < 10
4-Methyl-2-pentanone 2/4 2 15.5 210 < 10
Xylenes - 3/4 0 49.5 930 < 5\ J
Acenaphthena 174 1 NA 120 < 330
Anthracene 1/4 1 NA 110 < 330
Benzo(a)Anthracene 174 0 NA 570 < 330
B(a)Pyrene 1/4 0 NA 730 < 330
B(b)Fluoranthene - 1/4 1 NA 1200 < 330
B(g,h,1)Perylene 174 0 510 510 < 330
B(k)Fluoranthene 1/4 1 1200 1200 < 330
Bis(2-ethylhexyl)phthalate 3/3 0 1607 9400 < 330
Butylbenzylphthalate 3/3 0 386.2 1800 < 330
Chrysene 1/4 0 NA 2400 < 330
Dibenz(a,h)anthracene 1/4 1 NA 180 < 330
1,4-Dichlorobenzens 1/4 1 NA 49 < 330
Diethylphthalate 3/4 2 178.8 1000 < 330
Dimethylphthalate 1/4 1 NA 99 < 330
Di-n-Butylphthalate 3/4 0 227.1 830 < 330
Fluoranthene 1/4 0 NA 710 < 330
Fluorene 174 1 NA 67 < 330
Indeno(1,2,3-cd)pyrene - 1/4 1 NA 430 < 330
Naphthalene 2/4 0 123.4 240 < 330
_N-Nitrosodiphenylamine 174 1 NA 210 < 330 I
Phenanthrene 1/4 0 NA 620 < 330
[}
N \.
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: Number of
Frequency a Estimatsd Geometric | Backgrognd
of Detection Values Mean Maximum Range
Pyrene o 1/4 0 NA 560 < 330
Benzyl alcohol 174 1 NA 340 < 330
2-Methylinaphthalene 174 1 NA 130 < 330
Phenol 2/4 1 254.7 1100 < 330
2-Methylphenol 1/4 0 NA 1500 < 330
- §-Methylphenol : 3/4 3 229.3 1500 < 330
Benzoic Acid 2/4 2 431.2 360 <1600
INORGAN]CS (all concentrations in mg/kg) _
. Arsenic . 3/3 3 13.2 21 1
- Beryllium 4/4 0 6.7 4.7 < 5
Cadmium 2/4 0 1.9 1.6 < 5
Chromium 4/4 0 25.7 70 7.4
Copper 4/4 2 28.4 64 < 25
Lead ‘ 4/4 4 115.2 2130 < 5
Mercury 3/4 1 0.145 0.2 < 0.
Nickel 4/4 0 76.5 105 < 40
Zinc 4/4 1 209.9 273 8.
Barium 4/4 2 103.5 155 4.
- Iron 4/4 0 65,603.2 102,000 165
Manganese 4/4 2 2415.4 6400 1
Vanadium 4/4 0 40.6 56 16
Aluminum 4/4 2 11,792.2 13,300 220
Cobalt 4/4 3 77.98 223 < 50
Magnesium : 4/4 1 1454.9 2470 332
Calcium 4/4 3 - 1356.2 2770 2100
Sodium ‘ 3/4 0 893.5 732 580
Potassium 1/4 0 NA 857 <5000

bv

Table 6-3 (continued)
Distribution of Chemicals Detected in Subsurface Soil
Samples (Waste Soil) Collected from the Dorney Road
Landfill and Background Concentrations

Dorney Road RI
\

»
o W~ ™

qNumber of times detected/number of samples (total number of samples may vary as a
bresult of validation or number of samples analyzed).
cConcentrations reported with J qualifier.

If a chemical was not detected, the detection 1imits are presented.

NA = not applicable. Only detected in one sample, and use of one-half of the
detection 1imit in calculating the mean results in a mean concentration that
is less than the detection limit. .

6-7 P

AR300669



Table 6-4

LN

AR300670

Distribution of Chemicals Detected in Subsurface Soil U
Samples (Natural Below Waste) Collected from the Dorney Road
Landfi11 and Background Concentrations
Dornay Road Rl
Number of
Frequency a Estimatsd Geometric Backgrognd
of Detection Values Mean Maximum  Range
RGANIC (a1l concentrations in ug/kqg)
Benzene 1/5 1 NA 2 < 5
Chlorobenzene 2/5 2 1.99 2 < 5
-Chloroform 2/5 1 2.94 2 < 5
1,2-Dichloroethane 2/5 2 3.53 2 < 5
Ethylbenzene 3/5 0 9.51 96 < 5
Tetrachloroethane 2/5 2 2.8 4 < 5
Trichloroathana 2/5 2 - 2.3 2 < 5
Styrene 1/5 1 NA 3 < 5
Acetgone 2/2 0 412 500 < 10
2-Butanone 5/5 4 89 830 < 10
2-Hexanone 1/5 0 NA 6 < 10
§-Methyl-2-pentanone 2/5 1 18.9 110 < 10 ~
Xylenes (total) 3/5 0 20.8 290 < 5\\_4/
1,2-Dichloroethere 1/5 1 NA 5
B(b)Fluoranthene 1/5 | NA 46 < 330
Bis(2-ethylhexyl)phthalate 2/5 0 337.5 2400 < 330
. Butylbenzylphthalate 2/5 1 218.8 2200 < 330
Chrysene 1/5 0 NA 2000 < 330
1,2-Dichlorobenzene 1/5 1 NA 56 < 330
1,4-Dichlorobenzene 1/5 1 NA 69 < 330
Di-n-Butylphthalate 2/5 2 132.8 170 < 330
Di-n-Octylphthalate 2/5 2 82.0 53 < 330
Fluoranthene 1/5 1 NA 120 < 330
Fluorene 1/5 1 NA 46 < 330
Naphthalene 2/5 2 113 150 < 330
Phenanthrene 1/5 1 NA 190 < 330
Pyrene 1/5 1 NA 75 < 330
Benzyl alcohol 1/5 1 NA 56 < 330
Phenol 3/5 3 140 170 < 330
" §-Mathylphenol . 2/5 2 133.3 350 < 330
INCRGANICS (all concentrations in mg/kg)
Arsenic 3/3 2 6.32 6.9 < 10
Beryllium 5/5 1 7.66 33 < 5
Cadmium 3/5 0 2.89 4.6 < 5
. )
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Table 6-& (continued)
Distribution of Chemicals Deteéted in Subsurface Soil £
Samples (Natural Below Waste) Collected from the Dorney Road .
Landfill and Background Concentrations

Dorney Road RI

Number of
Frequency a Estimatsd Geometric Backgroynd
of Detection Values Mean Maximum Range

Chromium 5/5 0 7.98 11 < 10
Copper ' 5/5 0 17.% 22 < 25
Lead §/5 s 28.0 200 < 5
Mercury 3/5 1 0.119 0.16 < 0.2
Nickel 5/5 1 62.8 171 < 40
Thallium 1/3 0 NA 3.1 < 10
Zinc 5/5 3 212.8 466 < 20
Barium , 5/5 0 46.3 73 < 200
Iron 5/5 1 42,506 52,000 < 100
Manganese §/5 1 1232 2260 < 15
Vanadium 5/5 0 29.4 52 < 50
Aluminum 5/5 0 7577 12,800 < 200
Cobalt 5/5 2 25.6 40 < 50
Magnesium 5/5 2 1194 . 2120 <5000
Calcium 5/5 2 £54.8 1040 <5000
Sodium 2/5 0 156%.5 1370 <5000
Potassium 1/5 0

NA 1080 <5000

eNumber of times detected/number of samples (total number of samples may vary as a
bresult of validation or number of samples analyzed). :
cConcentrations reported with J qualifier.

If a chemical was not detected, the Qetection limits are presented.

NA = not applicable. Only detected in one sample, and use of one-half of the

detection limit in calculating the mean results in a mean concentration that
is less than the detection 1imit.
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Table 6-5
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Distribution of Chemicals Detected in Subsurface Soil \ J
Samples (0ff-Site) Collected from the Dorney Road
Landfi11 and Background Concentrations
Dorney Road RI
‘ Number of
Frequency a Estimatgd - Geometric Backgrognd
of Detection Values Mean Maximum Range
ORGANICS (all concentrations in ug/kg)
Chlorobenzene 2/9 2 2.57 4 < 5
Chloroform 4/9 4 2.76 4 < 5
Toluene 3/5 0 11.4 33 < 5
2-Butanone 1/2 | NA 83 < 10
4-Methyl-2-pentanone 1/9 1 NA 1 < 10
Acenaphthylene 1/9 1 NA 260 < 330
Anthracene 179 1 NA 160 < 330
Benzo{a)Anthracene 1/9 0 NA 1100 < 330
B(a)Pyrene 1/9 0 NA 1200 < 330
B(b)Fluoranthene 1/9 0 NA 2700 < 330
B{g,h,i)Perylene 1/9 0 NA 560 < 330
B{k)Fluoranthene 179 0 NA 2700 < 330 )
Bts(2-ethylhexyl)phthalate 4/9 2 182.3 1200 <330\ J
Butylbenzylphthalate 2/9 2 121.9 160 < 330
Chrysene 1/9 0 NA 1600 < 330
Dibenz(a,h)anthracene 1/9 1 NA 240 < 330
Di-n-Butylphthalate 2/9 2 135.4 250 < 330
Fluoranthene 1/9 0 NA 2500 < 330
Fluorene . 1/9 1 NA .73 < 330
Indeno(1,2,3-cd)pyrene 1/9 0 NA 530 < 330
Phenanthrene 1/9 0 NA 1300 < 330
Pyrene 1/9 0 NA 1400 < 330
Dibenzofuran 179 1 NA 51 < 330
4-Methylphenol 1/9 1 NA 45 < 330
Dieldrin 1/9 1 NA 140 < 18
PCB-1260 1/9 0 NA 260
NORG (211 concentrations in mg/kg)
Arsenic 9/9 7 5.0 31 1
Beryllium 9/9 1 3.1 96 < 5
Cadmium 4/9 0 2.33 7.7 < 5
Chromium 9/9 0 14.77 37 7.4
Copper 9/9 3 21.4 38 < 25
Lead 9/9 9 29.2 446 < §
Mercury 2/9 | 0.109 0.19 < 0.2 \'
N

6 -10
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Table 6-5 (continued)
Distribution of Chemicals Detected in Subsurface Soil
Samples (0ff-Site) Collected from the Dorney Road
Landfil1 and Background Concentrations

Dorney Road RI

Number of
Frequency N Estimatsd Geometric Backgroand
of Detection Values Mean Maximum Range

Nickel ' 6/9 0 86.2 182 < 40
Zinc 8/9 1 150.7 643 8.7
Barium 9/9 3 §5.5 : 144 4.3
Iron 9/9 1 41,035 §7,600 165
Manganese 9/9 4 1165 2090 1.8
Vanadium ' 9/9 0 27.5 42 16
Aluminum 9/9 3 9782 17,100 220
Cobalt . 9/9 7 37.1 69 < 50
Magnesium 9/9 5 2070 10,100 <5000
Calcium ' 9/¢ 3 1370 14,600 2100
Sodium 7/9 0 1213 2240 580
Potassium 7/9 0 1752 5110 <5000

ENumber of times detected/number of samples (total number of samples may vary as a
bresult of validation or number of samples analyzed).
cCOncentrations reported with J qualifier.

If a chemical was not detected, the detection limits are presented.

NA = not applicable. Only detected in one sample, and use of one-half of the
detection 1imit in calculating the mean results in a mean concentration that
is less than the detection limit.

6-11
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. Table 6-6
Distribution of Chemicals Detected in Groundwater
Samples (On-Site) Collected from the Dorney Road \\_//
Landfill and Background Concentrations
Dorney Road RI
Number of
Frequency a Estimat Geometric Backgrognd
of Detection Values Mean Maximum Range
QRGANICS (311 concentrations in ug/1)
Benzene 3/5 1 5.16 14 < 5
Chlorobenzene 2/5 2 5.49 40 < 5
Chloroethane 1/5 1 NA 8 < 10
Ethylbenzene 5/5 | 107.9 160 < 5
Tetrachloroethylene 1/5 1 NA 1 9
Toluene 5/5 0 160.6 740 < 5
Vinyl chloride 2/5 1 6.23 25 < 10
Styrene 1/5 1 NA 43 < 5
Acetone 5/5 5 167.3 2700 4
2-Butanone 3/5 3 128.29 5200 < 10
4-Methyl-2-pentanone 4/5 4 38.4 490 < 10
Xylenes 5/5 1 305.70 530 < 10 \
1,2-Dichloroaethene 5/5 4 11.59 79 < 41
~ Bis(2-ethylhexyl)phthalate 4/5 3 13.80 10 2 \/
1,4-Dichlorobenzene 4/5 2 9.78 32 < 10
~ Diethylphthalate 2/5 1 8.43 20 < 10
Naphthalene 4/5 2 18.20 33 < 10
© Benzyl alcohol , 2/5 1 24.32 1700 < 10
- 2,4-Dimethylphenol 1/5 0 NA 20 < 10
Phenol 2/5 2 32.60 3200 < 10
4-Methylphenol 4/5 2 62.30 2000 < 10
RGANIC (a1l concentrations in ug/1)
Antimony 4/5 0 53.1 99 < 60
Arsenic 4/5 0 12.9 140 < 10
Beryllium 4/5 0 4.6 22 < 5
Cadmium 4/5 0 5.8 19 < 5
Chromium 5/5 0 38.0 72 < 10
Copper 4/5 0 50.7 218 - < 25
Lead 5/5 0 627.1 11,900 < 5§
Mercury 4/5 0 0.27 0.64 < 0.2
\
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Table 6-6 (continued)

Distribution of Chemicals Detected in Groundwater
Samples (On-Site) Collected from the Dorney Road
Landfi11 and Background Concentrations

Dorney Road RI

~ Number of .
Frequency 2 Estimatsd Geometric Backgrognd
of Detection Values Mean Maximum Range
Nickel 5/5 0 684 3540 < 40
Silver 1/5 0 NA 71 < 10
Thallium 3/5 0 6.30 18 < 10
Zinc 5/5 3 4165 37,700 < 20
Barium 5/5 0 767.7 3480 - <200
Iron - 5/5 0 157,408 1,110,000 < 100
. Manganese 5/5 0 11,080 420,000 < 15
Aluminum 5/5 0 8222 54,100 < 200
Vanadium 4/5 0 38.1 125 < 50
Cobalt 5/5 0 253.3 2610 < 50
Calcium 5/5 0 152,740 1,380,000 <5000
Sodium 5/5 0 522,19¢ 1,350,000 <5000
Potassium 5/5 0 312,751 756,000 <5000
Magnesium 5/5 0 281,903 509,000 <5000

Number of times detected/number of samples (total number of samples may vary as a

bresult of validation or number of samples analyzed).
Concentrations reported with J qualifier.
If a chemical was not detected, the detection limits are presented.

c

NA = not applicable.

Only detected in one sample, and use of one-half of the

detection 1imit in calculating the mean results in a mean concentration that
is less than the detection limit.
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Table 6-7
Distribution of Chemicals Detected in Groundwater
Samples (Shallow Wells) Collected from the Dorney Road </
Landfi11 and Background Concentrations

Dorney Road RI

A Number of A ,
Frequency a Estimatsd Geometric Backgrognd
of Detection® Values Mean Maximum Range
RGA (all concentrations in ug/1)
Benzene , 1/6 0 NA 6 < 5
Chlorcethane 2/6 - 2 4.2 3 < 10
1,1-Dichloroethane 2/6 0 3.26 22 < 5§
1,2-Dichloroethane 1/6 1 NA 3 < 5
Tetrachloroethylene 3/6 2 3.64 37 < 5
Toluene 1/6 1 NA 1 < 5
1,1,1-Trichloroethane 1/6 | NA 2 < 5
Trichloroethylene 2/6 1 3.55 51 < 5
¥inyl chloride 2/6 1 4.54 14 < 10
Acetone 1/5 1 NA 7 )
1,2-Dichloroethylene 2/6 1 5.1 180 < 5
Bis(2-ethylhexyl)phthalate 2/6 2 2.92 9 2
1,4-Dichlorobenzene 1/6 1 NA 2 < 10
Benzylalcohol 1/6 1 NA 2 < 10 \_/
Phenol 1/6 0 NA 25 < 10
4-Methylphenol 1/6 0 NA 23 < 10
Benzoic Acid 1/6 1 NA 60 < 50
INORGANICS (a1l concentrations in ug/1)
Antimony 3/6 1 32.3 60 < 60
Arsenic 3/6 1 5.05 46 1.9
Beryllium 3/6 1 3.89 39.5 29
Cadmium 1/6 | 3.35 14.7 < 5
Chromium 2/6 1 7.48 28 6.4
Copper 4/6 1 29.5 127 < 25
Lead 6/6 | 14.5 424.5 10
Mercury 6/6 1 .70 1.07 < 0.02
Nickel 2/6 1 38.22 513 73
Thallium 2/6 1 6.02 33 < 10
Zinc 6/6 1 210.2 1008.5 347
Barium 6/6 | 238 1274 173
Iron 6/6 | 10,040 . 131,400 39,200
Manganese 6/6 1 723.9 19,090 1600
Vanadium 6/6 1 11.5 17.5 25
Aluminum 6/6 1 1885 11,755 4900
i 6 - 14 ~
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Table 6-7 (continued)
 Distribution of Chemicals Detected in Groundwater
Samples (Shallow Wells) Collected from the Dorney Road
Landfi11 and Background Concentrations

Dorney Road RI

Number of
Frequency 2 Estimatsd Geometric Backgrognd
of Detection Values Mean Maximum Range

Cobalt 6/6 1 22.47 402.5 47
Mignesium 6/6 1 47,274 285,500 30,400
Calcium 6/6 1 79,643 £68,000 55,300
Sodium 6/6 1 16,372 1,110,000 4740
Potassium : 6/6 | 4581 6430 - 4040
Cyanide .

SNumber of times detected/number of samples (total number of samples may vary as a °
bresult of validation or number of samples analyzed).
Concentrations reported with J qualifier.

©If a chemical was not detected, the detection limits are presented.

NA = not applicable. Only detected in one sample, and use of one-half of the
detection limit in calculating the mean results in a mean concentration that
is less than the detection limit.
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Table 6-8

Distribution of Chemicals Detected in Groundwater

Samples (Deep Wells) Collected from the Dorney Road \\.—/
Landf{111 and Background Concentrations
Dorney Road RI
Number of
Frequency a Estimatsd Geometric Backgroand
of Detection Values Mean Maximum Range

ORGANICS (a1l concentrations in ug/1)
Methylene chloride 174 0 NA 14 < 5
Benzene 1/4 0 NA 6 < 5
1,1-Dichloroethane 2/4 2 2.65 4 < 5
Tetrachloroethylene 2/4 1 2.713 9 < 5
Toluene 2/4 0 6.59 43 < 5
1,1,1-Trichloroethane 174 1 NA 1 < 5
Trichloroethylene 174 0 NA 15 < 5
Vinyl chloride 174 . 1 NA 1 < 10
Acetone 2/4 1 9.72 21 < 10
1,2-Dichloroethene 2/4 1 4.0 41 < 5
Bis(z ethylhexyl)phthalate 2/4 0 12.65 33 < 10
INORGANICS (a1l concentrations in ug/1)
Arsenic 2/4 0 2.90 1.9 < 10 \\"/
Beryllium 1/4 0 NA 2.6 < 5
Chromium 1/4 0 NA 7.9 6.6
Copper 2/4 0 15.60 20 < 25
Lead 4/4 0 11.7 21 8.6
Mercury. 174 0 NA 0.94 < 0.2
Thallium 1/4 0 NA 2.3 < 10
Zinc 4/4 2 136.56 240 13
Barium 4/4 0 55.81 82 9.3
Iron 4/4 0 1746.65 12,800 409
Manganese 3/3 0 88.68 489 < 15
Vanadium 4/4 0 6.51 15 3.6
Cobalt 4/4 0 6.62 8.5 < 50
Aluminum 4/4 0 510 2670 < 200
Magnesium 4/4 0 14,059 50,700 <5000
Calcium 4/4 0 52,022 90,200 <5000
Sodium 4/4 0 5470 12,600 <5000
Potassium 4/4 0 5216 8620 <5000
INumber of times detected/number of samples (total number of samples may vary as a
bresult of validation or number of samples analyzed).
cConcentrations reported with J qualifier.
If a chemical was not detected, the detection limits are presented.
NA = not applicable. Only detected in one sample, and use of one-half of the N

detection limit in calculating the mean results in a mean concentration that
is less than the detection limit.
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) Table 6-9
Distribution of Chemicals Detected in Surface Water
Samples Collected from the Dorney Road
Landfill and Background Concentrations

Dorney Road RI

Number of
Frequency a Estimatsd Geometric Backgrognd
of Detection Values Mean Maximum Range
ORGANICS : (all concentrations in ug/1)
Chloroethane - 1/5 0 NA 11 < 10
1,1-Dichloroethane 1/5 0 NA -l < §
Ethylbenzene 175 1 NA 3 < 5
Toluene 1/5 0 NA 8 < 5
1,1,1-Trichloroethane 1/5 1 NA 2 < 5
Acetone 2/5 0 7.1 12 < 10
JNORGANICS _ (a1l concentrations in ug/1)
Arsenic 1/5 0 NA 1.7 < 10
Chromium 3/5 0 6.5 9.95 5.1
Lead 3/5 0 8.8 30 < 8
Zinc 5/5 0 19.1 34 4.9
Barium 5/5 0 71.8 580 1.8
Iron 5/5 5 3031.5 85600 < 100
~Manganese 5/5 0 1083.0 31000 < 15
‘Vanadium 5/5 0 6.7 19 < 50
Aluminum 4/5 0 190.5 1460 < 200
Cobalt 5/5 0 16.8 133 < 50
Magnesium 5/5 0 11222.8 23050 . 194
Calcium 5/5 0 23228.1 77300 < 5
Sodium - 8/% 0 11035.2 21350 <5000
Potassium §/5 0 12525.5 22350 <5000
Cyanide 1/8 5 NA 28 < 10

®Number of times detected/number of samples (total number of samples may vary as a
bresu]t of validation or number of samples analyzed).
cConcentrations reported with J qualifier.

If a chemical was not detected, the detection limits are presented.

NA = not applicable. Only detected in One'sampie, and use of one-half of the
detection 1imit in calculating the mean results in a mean concentration that
is less than the detection limit.
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Table 6-10

Distribution of Chemicals Detected in Sediment )
Samples Collected from the Dorney Road
Landfi11 and Background Concentrations
/

Dorney Road RI

Number of
Frequency Estimatsd Geometric Backgroand

of Detection Values  Mean Max{imum Range
ORGANICS (a1l concentrations in ug/kg)
Chloroform 1/5 1 NA 6 < 5
Ethylbenzene 1/5 1 NA 4 : < 5
Acetone 3/3 0 160 <10
2-Butanone 1/5 1 NA 21 <10
Bis(2-ethylhexyl)phthalate 1/5 1 NA 78 <330
4-Methylphenol 1/5 1 NA 52 <330
INORGANICS (211 concentrations in mg/kg)
Arsenic 5/5 5 8.28 14.1 1.4

(estimated)
Beryllium 5/5 5 3.5 5.2 < 5 \
Chromium ' 5/5 5 8.7 11 7.8 \\‘//
: (estimated)

Copper 5/5 0 25.6 99 < 25
Lead 5/5 5 21.8 95 < 5
Mercury 4/5 0 0.135 0.19 < 0.2
Nickel 5/5 0 47.9 52 < 40
Zinc 5/5 0 120.4 152 5.7
Barium 5/5 0 80.0 109 3.9
Iron 5/5 0 41,785.1 47,500 145
Manganese 5/5 0 1140.7 . 1600 1.1
Yanadium 5/5 0 24.43 34 15
Aluminum 5/5 0 12,179.8 17,600 185
Cobalt 5/5 0 29.5 36 < 50
Magnesium 5/5 0 1116.0 1640 304
Calcium 5/5 0 567.0 1105 1780

qumber of times detected/number of samples (total number of samples may vary as a
bresult of validation or number of samples analyzed).

c

NA = not applicable.

Concentrations reported with J qualifier.
If a chemical was not detected, the detection limits are presented.

Only detected in one sample, and use of one-half of the
detection 1imit in calculating the mean results in a mean concentration that
is less than the detection limit.
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Table 6-11

Distribution of Chemicals Detected in Leachate Seep
Samples Collected from the Dorney Road
Landfill and Background Concentrations

Dorney Road Rl

, Number of
Frequency 2 Estimatsd Geometric Backgroynd
of Detection Values Mean Maximum Range

ORGANICS (all concentrations in ug/1)
Chloroethane 1/2 1 NA 1 < 10
Toluene 172 0 NA 1600 < 5
Acetone 1/2 0 KA 6400 < 10
2-Butanone 172 0 NA 16,000 < 10
4-Methyl-2-pentanone 1/2 1 NA 390 < 10
Diethylphthalate 1/2 1 NA 560 < 10
Di-n-butylphthalate 172 1 NA 6 < 10 .
Naphthalene 1/2 1 NA 310 < 10
Phenol 1/2 1 NA 390 < 10
2-Methylphenol 1/2 1 NA 28 < 10
4-Methylphenol 1/2 1 NA 3700 < 10
Benzoic Acid 1/2 1 NA 2700 < 50
JINORGANICS (a1l concentrations in ug/1)

Antimony 1/2 0 NA 163 < 60
Arsenic 2/2 2 47.7 242 < 10
Copper 1/2 0 NA 39 < 25
Lead 2/2 0 35.5 486 < 5
Nickel 172 0 NA 1610 < 40
Zinc 2/2 2 2510.1 71,600 < 20
Barium 2/2 0 373.3 489 < 200
Iron 2/2 0 100,150.9 2,190,000 < 100
Manganese 2/2 0 §0,602.4 118,000 < 15
Vanadium 1/2 0 NA 4.4 < 50
Aluminum 2/2 2 418.4 612 < 200
Cobalt 2/2 0 118.9 785 < 50
Magnesium 2/2 2 -51,899.9 259,000 <5000
Calcium 2/2 2 237,924.4 1,220,000 <5000
Sodium 2/2 2 54,902.9 737,000 <5000
Potassium 1/1 0 NA 669,000 <5000

qNumber of times detected/number of. samples (total number of samples may vary as a
bresu]t of validation or number of samples analyzed).

o

NA = not applicable.

Concentrations reported with J qualifier.
If a chemical was not detected, the detection 1imits are presented.

Only detected in one sample, and use of one-half of the

detection limit in calculating the mean results in a mean concentration that

AR300681

is less than the detection limit.
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Table 6-12
Distribution of Chemicals Detected in Residential Water  J
Samples Collected from the Dorney Road
Landfill and Background Concentrations

Dorney Road RI

Number of :
Frequency 1 Estimatad Geometric Backgrognd
of Detection Values Mean Maximum  Range

ORGANICS (a1l concentrations in-ug/1)
1,1-Dichloroethane 1/8 1 NA 2 < 5
Tetrachloroethene 2/8 0 2.71 6 < 5

- Trichloroathene 1/8 0 NA 9 < 5
1,2-Dichloroethane 1/8 0 NA 22 < 5
Bis(2-ethylhexyl)phthalate 1/8 1 NA 2 < 330
JNORGANICS (a1l concentrations in ug/1)
Iinc 5/7 5 26.43 448 < 20
Barium 7/7 0 13.30 31 4.1
Iron 6/7 0 33.75 179 < 100
Manganese 1/1 0 6.50 83 3.2
Yanadium 5/7 0 5.56 3.3 < 50 \\_J/
Magnesium 1/7 8 18,624 24,900 162
Calcium 1/7 0 46,525 119,000 285
Sodium 1/7 0 4601 18,400 <5000
Potassium 2/7 0 2852 5360 <5000

INumber of times detected/number of samples (total number of samples may vary as a
bresult of validation or number of samples analyzed).
cConcentrations reported with J qualifier.

If a chemical was not detected, the datection limits are presented.

NA = not applicable. Only detected in one sample, and use of one-half of the
detection 1limit in calculating the mean results in a mean concentration that
is less than the detection Timit.
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Certain chemicals were flagged with an "N" 1nd1cat1ng there was
presumptive evidence of this chemical at this concentration. If all
reported concentrations of a particular chemical in all media were
qualified with an N, this chemical was not considered further because of
the tentative identification. However, if a chemical was definitely
identified in some samples, then the sample in which it was presumptively
identified also was included in the data base.

Concentrations reported for duplicate samples from a given sampling point
were first averaged by calculating a geometric mean of the sample and its
duplicate. If this geometric mean was below the sample detection limit,
the sample was treated as a nondetect.

In evaluating risk, potentially carcinogenic polynuclear aromatic
hydrocarbons (PAHs) are considered separately from noncarcinogenic PAHs.
Therefore, data summary tables will 1ist carcinogenic PAHs separately
from noncarcinogenic PAHs. The carcinogenic PAHs evaluated were BaP,
benz(a)anthracene, B(b,k)fluoranthene, B{k)fluoranthene, chrysene,
dibenz(a,h)anthracene, and indeno(1,2,3-d)pyrene. The noncarcinogenic
PAHs evaluated were anthracene, acenaphthene, acenaphthylene,
B(ghi)perylene, fluoranthene, fluorene, phenanthrene, pyrene,
dibenzofuran, and 2-methylphthalene.

Some samples were flagged with an "R", indicating that the data are

- unusable because of quality control problems. The R flag indicates

uncertainty in both the identity of the compound and its measured
concentration. R-flagged values were not used in the risk assessment.

Based on these evaluations, approximately 60 chemicals were identified in one
or more environmental media. Those chemicals most likely to contribute to
risk are identified and selected for detailed evaluation according to specific
guidelines. The guidelines used are as fo]lows

If a chemical was detected in a single sample from an area and it was not
detected in any other site-related sample from any medium, it was
considered to have extremely low exposure potential and therefore was not
selected for further evaluation in this assessment.

Sample concentrations of inorganic chemicals were compared with those
levels considered to be naturally occurring (background) to determine if
the detected levels were evaluated above background. If an inorganic
chemical was not detected in the background, it was selected for further
evaluation, if the chemical met other guidelines.

Chemicals for which ARARs or toxicity criteria (i.e. reference doses,
allowable daily intakes, or cancer potency factors) have not been

established cannot be assessed quantitatively and are therefore not
carried through the quantitative assessment.
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6.2.2 - Selection of Indicator Chemicals )
6.2.2.1 Soils | W,

Soil samples were collected from 1) the on-site surface soil considered to be

_potentially contaminated and the off-site areas around the perimeter of the
landfill, 2) either waste soil (soils within waste interval), natural soil
(below the level of the waste) or off-site subsurface soil, and 3) an area

2ff-site %h?t was considered to be representative of background for the area
one sample).

Non-carcinogenic polynuclear aromatic hydrocarbons (PAHs) (with the exception
of butylbenzyl phthalate, di-n-octyl phthalate, and 2-methyl phenol, 2-
‘butanone, 2-hexanone, and 1,4-dichlorobenzene) were eliminated from further
consideration in the quantitative assessment since no ARARs or toxicological
criteria have been established for these compounds. Potassium, calcium,
sodium, magnesium, and vanadium were eliminated from further consideration due
to their low toxicities, which are not considered to be health hazards.
Antimony was eliminated due to low frequency of detection in soil samples.

6.2.2.1.1 On-Site Surface Soil

Table 6-1 presents the frequency of detection, geometric mean, and maximum
concentrations of chemicals detected in samples from the on-site area and also
presents the background concentrations. In comparing concentrations of

naturally occurring chemicals that have been datected in both site-related

samples and background, statistical evaluation requires a minimum of three )
samples from each sample set. Because only one background surface soil sample'\\'/
was collected, statistical evaluation 1s not possible, and instead, maximum
concentrations of chemicals in site-related samples were compared directly to

the concentration of these same chemicals in the background sample. A

chemical s considered to be elevated above background if the maximum

concentration detected at the site exceeds the background level by more than

an approximate factor of 2. A factor of 2 is believed to be conservative

bacause background concentrations of some naturally occurring metals have been
observed to vary over one order of magnitude.

As can be seen from Table 6-1, the metals arsenic, chromium, lead, copper,
nickel and zinc, were detected in site-related samples at concentrations that
exceeded background by a factor of 2 or more. Therefore, these chemicals are
salected for further evaluation in the assessment of the covered landfill
area. The detection 1imit for mercury in one background sample was greater
than the concentration of mercury detected in a sample from the landfill, but
- mercury is selected as a chemical of potential concern because its true
background concentration is not known. Non-carcinogenic polynuclear aromatic
hydrocarbons (PAHs) (with the exception of naphthalene, 2-butanone, benzyl
alcohol, 2,4-dimethylphenol, 4-methylphenol, and 2-methyl phenol) were
eliminated from further consideration in the quantitative assessment since no
ARARs or toxicological criteria have been established for thase compounds.
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6.2.2.1.2 Off-Site Surface Soil

The distribution of chemicals in soil samples collected from the unfilled off-
site perimeter areas of the landfill is presented in Table 6-2 along with
background concentrations. Levels of arsenic, chromium, copper, lead, and
nickel were increased over background samples. A1l other inorganics, except
mercury, were eliminated, because either the toxicity to humans is low, such
as potassium and calcium, or their concentrations did not exceed background
levels by a factor of two. Fewer organic chemicals were detected in off-site
surface soil than in on-site surface soil. Among these, only bis(2-
ethylhexyl)phthalate was elevated above background.

6.2.2.1.3 Subsurface Soil

Tables €-3 to 6-5 summarize the concentrations of chemicals detected in
subsurface samples collected from the waste soils, natural soils (below
waste), and off-site areas. The chemicals present in subsurface soil are
similar to those detected in surface soil. As with surface soil,
noncarcinogenic PAHs, and other organics for which no toxicity data or ARARs
are available are eliminated from further consideration. Levels of arsenic,
chromium, copper, lead, nickel, zinc, barium and manganese were considerably
elevated compared to background levels.

6.2.2.2. Groundwater

Groundwater monitoring wells were installed at and in the vicinity of the
Dorney Road site to characterize groundwater both on-site and off-site.
Groundwater samples were divided into on-site and off-site wells. Off-site
samples were further divided into shallow and deep wells, based on well
screening intervals. These subsets were selected because it may be possible
to withdraw groundwater from the shallow portion of the water-table aquifer.

Tables 6-6 through 6-8 1ist the frequency of detection, concentration range,
and geometric mean values of contaminants detected in groundwater monitoring
wells installed on-site and off-site of the Dorney Road Landfill. The purpose
of the groundwater sampling was to provide information regarding the degree
and extent of groundwater contamination. Of the inorganics found in on-site
groundwater samples, potassium, calcium, sodium, magnesium, thallium, and
aluminum were eliminated from further consideration due to their low -
toxicities. Selenfum was not found in any on-site groundwater samples.

6.2.2.3 Surface VWater

Surface water samples were collecfed from the on-site water bodies at Dorney

~Road. A field blank surface water sample was collected. The surface water

samples are considered to be representative of surface water quality at the
site and will be representative of flow from the site. Table 6-9 presents the
frequency of detection, geometric mean, and maximum concentrations of chemicals
detected in the on-site surface water and also presents background
concentrations. As jndicated in this table, the majority of the chemicals
detected in surface water samples were inorganic metals that may be naturally
occurring.
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0f the surface water samples collected, all but acetone had a detection

frequency of one in five. Of the inorganics, vanadium was eliminated from
consideration since its concentration in surface water did not exceed twice \ /
the background concentration for this compound. Magnesium, calcium, aluminum,
sodium,iand potassium were eliminated from consideration due to their low
toxicities.

6.2.2.4 Leachate Seeps and Sediments

Tables 6-10 and 6-11 1i1st the frequency of detection, concentration range, and
geometric mean values of contaminants in the leachate seep and sediment
samples collected in the Dorney Road Landfill site. Leachate seeps are
belfeved to be release points for groundwater.

Each of the organic chemicals detected in leachate seep samples was present in
only one of the two sites tested. Of the inorganics, barfum and vanadium were
eliminated from consideration as inorganic contaminants of potential concern
since their concentration in leachate seeps did not exceed twice the
background concentration for each compound. Potassium, calcium, sodium,
magnesium, and aluminum were eliminated from further consideration due to
their low toxicities, which are not considered to be health hazards.

Sediment samples were collected along with surface water samples from on-site
surface water areas. Concentrations of chemicals detected in sediment
samples, as wall as background, are summarized in Table 6-10. Because only
one background sediment sample was collected, the same rule was applied for
determining whather chemical concentrations were site-related; a factor of 2
was used. As indicated in Table 6-10, all inorganic chemicals that were
detected in the background sample were present at concentrations in site- /
related samples that exceeded background by more than a factor of 2. Even
though many of the inorganic chemicals were not detected in background, a
comparison of .tha background detection 1imits to the maximum concentrations
indicated that the concentrations generally are elevated above the background
detection 1imits. Although the concentration of mercury was qualified with an
N (presumptive evidenca), it is considered further because it was positively
detected in soil and in a shallow groundwater sample. A1l of the other
inorganic chemicals are selected for further evaluation in this assessment
with the exception of thallium which was detected in only one sample and
infrequently in other media. Because none of the organic chemicals detected
in samples from this area were detected in the background sample, they are
selected as chemicals of potential concern, except for those without toxicity
data, such as 2-methylphenol or benzoic acid.

Of tha sediment samples collected, all but acetone had a detection frequency
of one in five. Calcium, magnesium, and aluminum were eliminated from further
consideration due to their low toxicities, which are not considered to be
health hazards. Cobalt, thallium, nickel, mercury, chromium, beryllium were
eliminated from consideration as inorganic contaminants of potential concern
since their concentrations in sediments did not exceed twice the background
concentration for each compound.
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6.2.2.5_Residential Witer

Seven residential wells in the vicinity of the Dorney Road Landfill site were
selected during the initial site reconnaissance. A1l organic chemicals .
identified in the residential water samples were retained for further
consideration as contaminants of potential concern. Of the fnorganics,
vanadium and iron were dismissed from further consideration since their
concentrations in residential water did not exceed twice the background
concentration for each compound. Magnesium, calcium, sodium, and potassium
vere eliminated due to their low toxicities.

Results of environmental sampling have been discussed in detail in the RI
report. These results are summarized briefly here for the purpose of
identifying chemicals that are associated with the site and that will be
considered for evaluation in this endangerment assessment.

6.2.2.6 Summary

A summary of the indicator chemicals found in the various environmental media
are listed in Table 6-13.

6.3 HUMAN EXPOSURE ASSESSMENT

This section addresses the potential pathways by which populations could be
exposed to contaminants at or originating from the Dorney Road site.
Potential exposure pathways are identified under both current and Vikely
future land use of the site and surrounding area.

An important step in identifying exposure pathways is to consider the
mechanisms by which the chemicals of potential concern at the site may migrate
in the environment. These migration pathways are discussed in Section 6.3.1,
followed in Section 6.3.2 with a discussion of potential exposure scenarios
and a determination of the exposures that will be evaluated in this
assessment.

6.3.1 Migration Potentjal

An evaluation of the environmental fate and transport of the site-related
chemicals present at and in the vicinity of -the Dorney Road site is important
in determining the potential for migration of the contaminants and in
assessing the potential for exposure to the contaminants. The migration of
 contaminants, that in the past have been and in the future may be released
from the landfilled materials at this site, may be significantly influenced by
environmental factors, such as the hydrogeological characteristics of the site
and surrounding area, as well as the physical/chemical characteristics of the
chemicals of potential concern at the site.

6 - 27

ARZ00689



[133 [
.?3_{

6.3.1.1 Site Environmental Factors

The Dorney Road Landfill site is underlain by the Allentown Formation which is :
described as a li?ht to dark gray predominantly dolomitic carbonate with minor \—/
limestone, shaly limestone, shale and cherty units. Overlying the bedrock is

a residual soil (Washington silt-loam) which is highly variable in thickness

and composed primarily of silts and clays. Soils vary in depth from zero to

90 feet (based on refraction survey) within the investigation area but average
approximately 30 feet in thickness.

The aquifers assoctated with the Dorney Road Site are comprised of a shallow
perched system within the waste disposal area and an unconfined water-table
aquifer. Based on available data the perched system appears to be contained
within the waste. Although minor localized saturated zones may be encounterad
outside the landfill, it is not clear if these saturated zones are connected
to the 1andfill system.

Groundwater flow within the water-table aquifer is south-southeast. Flow
directions and velocities are controlled by fracture orientation, fracture
density and the degree of weathering the bedrock has undergone. Flow
velocities and hydraulic conductivities vary by more than an order of
magnitude from north to south as indicated by the pump test data obtained
during this investigation. A detailed description of the site geology and
hydrogeology is provided in Sections 4.2. and 4.3.

6.3.1.2 Characteristics of Potential Sources of Contaminatien

The majority of the waste disposed of in the Dorney Road Landfill was reported
to have been municipal waste. The site was an open dump prior to 1966 with \\_’/
waste disposal in an abandoned iron mina. ;

As discussed in Section 6.2, many inorganic and organic chemicals have been
detected, albeit at generally low levels, in the various media sampled. The
distribution of these chemicals is variable. However, general inorganic
chemicals, such as barium, zinc, arsenic and mercury have been found to be
widespread in most media sampled. Carcinogenic PAHs were found in on-site
surface and off-site subsurface soils.

6.3.1.3 Mechanisms of Miaration

Although a complete characterization of the 1andfill wastes has not been
performed, results of the environmental sampling of media 1ikely to be
affected by the 1andf111 indicate that many natural and man-made chemicals are
present in the landfil) waste. Because the wastes were a mixture, different
chemicals are 1ikely to have been released from different areas. In this
section, the mechanisms of migration of site-related chemicals will be
discussed generally.
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6.3.1.4 General Migration Processes

The general processes by which chemicals in the 1andfi1l can migrate at the
site include:

- leaching from waste/soils into groundwater,
- transport in groundwater,
- volatilization from waste/soils, leachate seeps, surface water, and

- :u;face runoff during storm events. These processes are briefly d1scussed
elow

Chemicals will be released from the landfilled materials in the form of
leachate. In unsaturated areas of the landfill, leachate generated as a
result of infiltrating rainwater will percolate through the waste and soil
into the groundwater. Organic chemicals having high organic carbon partition
coefficients (e.g., PAHs, PCBs, phthalates, and pentachlorophenol under acid
conditions) will tend to adsorb to organic matter in waste and soils and their
migration into the groundwater will be retarded. The other organic chemicals
detected in soil (e.g., chloroform and toluene) will tend to migrate more
freely into groundwater and be transported in the groundwater. These organic
chemicals are among the organic chemicals that have been detected in
groundwater samples. The extent to which inorganic chemicals will be mobile
in leachate and groundwater is more complicated and is dependent on several
factors including pH, oxidation-reduction potential, the presence of other
anions or cations, and the environmental medium in which the inorganic
chemical is present. The degree of partitioning of inorganic chemicals
between soil and water is described by their soil-water distribution
coefficient (K,). Based on their high K4’s, aluminum, chromium (III), lead,
and vanadium aﬂe the potentially site-related inorganic chemicals that will be
the least mobile in the groundwater.

With respect the migration of contaminants into air, contaminants in the form
of vapors or dusts would have been emitted from the wastes into the air during
operation of the landfill. Currently, however, because the surface of the
wastes in the landfill area are generally covered with clean soils and because
the landfill is partially vegetated, significant quantities of contaminated
dusts are unlikely to be generated. With respect to gases and vapors, it is
likely that significant amounts of landfill gas are being generated. However,
release of gases, produced by the anaerobic degradation of organic materials
in the presence of moisture, can also potentiate the transport of other
volatiles. However, available soil samples in the landfill area show very low
levels of potentially more toxic volatile chemicals. With respect to
volatization from surface waters, the volatile chemicals detected in surface
waters (phenol and acetone) were at low concentrations; therefore, the
emission of significant concentrations of vapors from the surface waters is
not expected.
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Contaminants .in surface soil could be transported during storm events in
surface-water runoff or soil erosion into the on-site ponds or marsh areas.

Surface water runoff occurs by way of two riprap channels. This may be a ;
transport mechanism through which site-related chemicals are transported into U/
the off-site surface water.

6.3.2 tenti X Po fons and Exposure Pathwa

An exposure pathway (the link between the source and the receptors) is defined
by the following four elements: ' .

- A source and mechanism of chemical release to the environment;

- An environmental transport medium for the released chemical;

- A point of potential exposure by the receptor with the medium; and
- A route of exposure (i.e., inhalation, ingestion, dermal contact).

An exposure pathway is considered "complate” if all thase alements are
present. Tha first two elements of an exposure pathway, a source and
transport of a chemical, have been addressed above and in previous sections of
this report. This section addrasses the last two elements and identifies
populations exposed to site-related contaminants both on-site and off-site
under current and possible future land-use conditions and also identifies the
routes through which these populations may be exposed.

The Dorney Road site is located on the southwest boundary of Upper Macungie )
Township in Lehigh County, Pennsylvania, approximately eight miles southwest

of Allentown. The site covers approximately 27 acres of documented landfill \\_,/
area which is bounded to the east by Dorney Road and extends westward such

that the southwest corner of the site is in Longswamp Township, Berks County.

The m%jgr portion of the Dorney Road site consists of a landfill surrounded by

a soil bernm.

The area is zoned for agricultural use and the site is completely surrounded
by cultivated farmland where feed corn is grown for dairy and beef cattle,
with residential areas and farms bordering on the site. The site is used
mainly as a recreational area and can be accessed easily by foot. It is a
waterfowl habitat and 1s frequented by hunters. Several man-made ponds are
located on the site which can be sasily accessed.

Taking into account the above factors, potential pathways of exposure to
contaminants originating at the Dorney Road site under current land-use
conditions have been identified and are discussed below by exposure medium
(soil, sediment, seep, groundwater, and surface water) for on- and off-site
where applicable. Future land-use conditions are also discussed for soil and
groundwater. These potential exposure pathways are also summarized in Tables
6-14 and 6-15 along with an indication of whether the pathway is complete and
to what degree the potential for substantial exposure exists.
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Exposure to surface soil on-site may occur through direct contact with surface
soil by teenagers or adults who engage in outdoor hunting activities. Routes
of exposure to be considered are incidental ingestion of soil and, for .
appropriate organic chemicals, dermal absorption. The Dorney Road site is
largely a marsh-type area, with the soil covering most of the site being damp
and partially covered with vegetation. Based on this fact, very little
inhalation exposure of contaminated dusts should occur, therefore no
inhalation scenarios were developed for on-site soil. The use of land off-
site for agricuitural uses may result in dermal, ingestion or inhalation
absorption of surface soils through plowing and gardening of the soil.
However, given the concentrations in the on-site soil versus off-site soil,
exposure to off-site surface or subsurface soil is not expected to result in a
significant exposure to the chemicals being evaluated and, therefore, this
exposure scendrio was not evaluated. Future assessments of on-site and
surface and subsurface soil were based on the development of the landfill site
into a residential area. Recreational areas such as playgrounds or baseball
fields could be developed resulting in dermal, inhalation or incidental
ingestion of surface soils by children, teenagers and adults.

Given the fact that the Dorney Road site has several ponds and consists mainly
of a marshy-type soil, numerous locations are available for exposure to
surface water. Assessments were made for adults and teenagers exposed to
surface water through outdoor hunting activities. Dermal absorption of
surface water contaminants would result following activities, such as boating,
or wading into the water while duck hunting. A minor incidental ingestion
pathway is also considered. Given the nature of the site, no swimming or
fishing 1s expected to occur.

In conjunction with exposure to surface water, exposure to contaminated
sediment may occur when surface water is disturbed. Sediment was assumed to
accumulate on hands, lower legs or exposed neck, while hunting in or near
surface water. Since sediment would be a thick muddy-type soil, no
inhalational exposure was assumed and incidental ingestion would be minimal.

Leachate seeps are located on the Dorney Road site. It was assumed that these
seeps crossed at least two pathways of access into the site. Dermal exposure
of contaminants could occur if seeps were crossed on foot to achieve access to
the site. Maximum dermal exposure from seep contaminants was assumed if seeps
were crossed to enter the site as well as exit.

On-site groundwater is not currently used as a potable water supply or for
other purposes, such as irrigation; therefore, exposure to on-site groundwater
was not assumed. Exposure to groundwater contaminants is presently assumed to
occur through off-site residential wells. Ingestion and inhalation exposure
to groundwater contaminants is expected to occur through daily showering and
intake of drinking water. In the future, assuming the site to be developed
into a residential area, inhalation and ingestion exposure to on-site
groundwater contaminants would also be assumed to occur through daily
showering and drinking water.
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Ambient air levels of contaminants rasulting from contaminated dusts or
landf11} gasés on-site were reported to be below acceptable levels.
Therafore, no assassments of this axposure medium were addressed.

In addition to present and future risk assessments, soil and groundwater
clean-up concentrations were derived. These concentrations, based on specific
exposure scenarios, address what soil concentrations would need to be achieved
to pose a minimal threat to residents in the Dorney Road site area from
exposure in the future to soil or groundwater.

6.4 HUMAN RISK CHARACTERIZATION

According to guidelines for preparing risk assessment as part of the RI/FS
process (EPA, 1986a), the potential adverse effects on human health should be
assessed where possible by comparing chemical concentrations found in
environmental media at or near the site with applicable or relevant and
appropriate requirements (ARARs) or other guidance that has been developed for
the protection of human health or the .environment. If ARARs are available for
all chemicals in all environmental media, then a comparison to ARARs
constitutes the risk assessment. If not, quantitative risk estimates must be
developed in addition to the comparison to available ARARs. Suitable ARARs or
other guidance are available only for some site-related chemicals in
groundwater and surface water. Therefore, in addition to a comparison with
ARA::, quantitative risk estimates were derived for all human exposure
pathways.

6.4.1 ari on.w th A able or Relevant and Appr
{ARARS)

The EPA’s Interim Guidance on ARARs (EPA, 1987a) defines ARARs as follows:

i ements means those cleanup standards,
standards of control, and other substantive environmental
protection requirements, criteria, or Timitations
promulgated under Federal or State law that specifically
address a hazardous substance, pollutant, contaminant,
remedial action, location, or other circumstance at a
CERCLA site.

"Applicability" implies that the remedial action or the
circumstances at the site satisfy all of the
Jurisdictional prerequisites of a requirement . . .
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Relevant and appropriate :ggu1rgmen;§ means those cleanup
standards, standards of control, and other substantive
environmental protection requlrements, criteria, or
limitations promulgated under Federal or State law that,
while not "applicable” to a hazardous substance,
poliutant, contaminant, remedial action, location, or
other circumstance at a CERCLA site, address problems or
situations sufficiently similar to those encountered at
the CERCLA site that their use is well suited to the
particular site.

The relevance and approprigteness of a requirement can be
Jjudged by comparing a number of factors, including the
characteristics of the remedial action, the hazardous
substances in question, or the physical circumstances of
the site, with those addressed in the requirement. It is
also helpful to look at the objective and origin of the
requirement. For example, while RCRA regulations are not
applicable to closin$ undisturbed hazardous waste in
place, the RCRA regulation for closure by capping may be
deemed relevant and appropriate.

A requirement that ts judged to be relevant and
appropriate must be complied with to the same degree as if
it were applicable. However, there is more discretion in
this determination: it is possible for only part of a
requirement to be considered relevant and appropriate,
the rest being dismissed if judged not to be relevant and
appropriate in a given case.

Non-promulgated advisories or guidance documents issued by

" Federal or State governments do not have the status of
potential ARARs. However, . . . they may be considered in
determining the necessary level of cleanup for protection
of health or environment.

Only those ARARs or advisories or guidance that are ambient or chemical-
specific requirements [i.e., those requirement which "set health or risk-based
concentration 1imits or ranges in various environmental media for specific
hazardous substances, pollutants, or contaminants" (EPA, 1987a)], as opposed
to ARARs which are classified as action-specific or locational requirements,
are used in this risk assessment.

No Federal, State, or County standards, criteria, or guidelines have been
identified for chemicals in soil. EPA has, however, issued guidance on the
use of water standards as chemical-specific ARARs (52 FR 32456-32499). This
guidance is used as the basis for the comparisons to predicted groundwater and
surface water concentrations for the Dorney Road Landfill site presented in
this section of the Endangerment Assessment.
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Two kinds of'water standards are currently used with which compliance tis
potentially required: Maximum Contaminant Levels (MCLs), Federal Ambient Water
Quality Criteria (FAWQC).

Table 6-16 1ists ARARs for chemicals of potential concern at the Dorney Road
site and the concentrations of these chemicals in the residential wells,
surface water, and groundwater. As the table indicates, the ARARs for several
chemicals are exceeded. In the groundwater, the maximum concentration of
arsenic, barium, cadmium, chromium, manganese, lead, benzene, and viny)
chloride exceed the ARARs. The geometric mean concentrations of vinyl
chloride and benzene also exceed the ARARs. In residential well water only
the maximum concentration of trichloroethylene exceeded the ARAR, while in
surface water all chemicals detected wera below their corresponding ARARs.
ARARs have not yet been established for all chemicals detected in the various
water media on- and off-site at the Dorney Road Landfill.

6.4.2 Health Effects Classification and Criteria Development

For risk assessment purposes, individual pollutants are separated into two
categories of chemical toxicity depending on whether they exhibit

noncarcinogenic or carcinogenic effects. This distinction relates to the

currently held scientific opinion that the mechanism of action for each

category is different. For the purpose of assessing risks associated with
potential carcinogens, EPA has adopted the scientific position that a small

number of molecular events can cause changes in a single cell or a small

number of calls that can lead to tumor formation. This is described as a no-
thrashold mechanism because there is essentially no level of exposure (i.e., a \
threshold) to a carcinogen that will not result in some finite possibility of
causing the disease. In the case of chemicals exhibiting noncarcinogenic -/
effects, however, it is believed that organisms have protective mechanisms

that must be overcome baefore the toxic endpoint is manifested. For example,

if a large number of cells performs the same or similar functions, it would be
necessary for significant damage or depletion of these cells to occur before

an effect could be seen. This threshold view holds that a range of exposures

from just above zero to some finite value can be tolerated by the organism

without appreciable risk of causing the disease (EPA, 1987b).

6.4.2.1 Health Effects Criteria for Noncarcinogens

Health criteria for chemicals exhibiting noncarcinogenic effects are generally
developed using risk reference doses (RfDs) developed by the EPA RfD Work
Group or RfDs obtained from Health Effects Assassments (HEAs) or from the
Office of Drinking Water analysis in support of health-based drinking water
standards. The RfD, expressed in units of mg/kg/day, is an estimate of the
chronic daily exposure to the human population (including sensitive
subpopulations) that is likely to be without an appreciable risk of adverse
affects. RfDs usually are derived from human studies involving workplace
exposures or from animal studies and are adjusted using uncertainty factors.
The RfD provides a benchmark to which chemical intakes by other routes (e.g.,
via exposure to contaminated environmental media) may be compared.
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Table 6-16

‘Comparison of Water Concentrations with Applicable or Relevant
and Appropriate Standards Estgblished by the EPA (1986a)

Dorney Road RI

RAR: Residential Groundwater

3 Eg;g: (gg-gjgg) §y:fgge Water
Chemical MCL MCLG Mean™ Maximum Mean®™ MHaximum Mean™ Maximum

(ug/1) (ug/1) (ug/1) (ug/1)

ORGANICS

Benzene Sb .-- .- -ee 5.16 14 --- ---
Bis(2-ethylhexyl)- :

phthalate .- --- NA 2 13.80 40 - --- ---

1,1-dichloroethane .-- -- NA 2 .-- --- NA 9
1,2-dichloroethylene --- 70 .-- .-- 11.59 79 --- ---
Diethyl phthalate --- ===y --- .- 8.43 20 --- ---
Ethylbenzene .-- : 680b --- .-- 107.9 160 NA .3
Styrene .- 140 .- .-- NA 43 .-- ---
Tetrachloroethylene --- ===y .- eee NA 1 --- “=-
Toluene “° 2000 -ee .-- 160.6 740 NA . 8
Trichloroethylene 5b .- NA 9 .e- .-- --- .e-
Vinyl Chloride 1 ===y .ee .- 6.23 25 --- ---
Xylenes .-- 440 .- .- 305.70 §30 --- ---
INORGANICS |
Arsenic 50 --- =-- .- 12.9 140 NA L 1.7
Barium 1000 .- 13.30 31 767.7 3480 71.8 580
Beryllium .-- -ee .- .e- 4.6 22 .-- ---
Cadmium 10 --- .e- .- 5.8 19 --- ---
Chromium 50 b --- .ea 38.0 72 6.5 9.95
Copper --- 1300 --- .-- 50.7 218 --- .--
Lead 50 .e- --- --- 627.1 11900 8.8 30
Manganese --- .ee 6.50 83 11080.0 420000 1083.0 31000
Hercurx 2 .e- .- .- 0.27 0.64 ~--- ---
Nickel .- .- .e- .- 684 3540 --- ---
Zinc --- --- - 26.43 448 4165 37700 19.1 34

;Geometric mean,
¢

EPA proposed MCLs and MCLGs (EPA, 1986a).
Neither adopted nor proposed MCL or MCLGs were available; however, the EPA Drinking Water

Health Advisory for Nickel in a 70 kg human, exposed over a lifetime is 350 ug/1.

NA « not applicable. Only detected in one sample, and use of one-half of the detection
1imit in calculating the mean results in a mean concentration that is less than the

detection limit.
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6.4.2.2_.Hgg!th Effects Criteria for Potential Carcinogens

Cancer potency factors, developed by EPA’s Carcinogen Assessment Group (CAG)
for potentially carcinogenic chemicals are derived from the results of human
epidemiological studies or chronic,animal bioassays. Potency factors are
expressed in units of (mg/kg/day) The animal studies on which some potency
factors are based must usually be conducted using relatively high doses to
detect possible adverse effects. Because humans are expected to be exposed at
lower doses than those used in the animal studies, the data are adjusted by
using mathematical models. The data from animal studies are fitted to the
linearized multistage model to obtain a dose-response curve. The low-dose
slope of the dose-response curve is subjected to various adjustments, and an
interspeciaes scaling factor is applied to derive the cancer potency factor for
humans. Dose-rasponse data derived from human epidemiological studies are
fitted to dose-time-response curves on an individual basis.

EPA assigns weight-of-evidence classifications to potential carcinogens.

Under this system, chemicals are classified as either Group A, Group Bl, Group
B2, Group C, Group D, or Group E. Group A chemicals (human carcinogens) are
agents for which there is sufficient evidence to support the causal
association between aexposure to the agents and cancer in humans. Groups Bl
and B2 chemicals (probable human carcinogens) are agents for which there is
limited (B1) or inadequate (B2) evidence of carcinogenicity from human studies
but for which there is sufficient evidence of carcinogenicity from animal
studies. Group C chemicals (possible human carcinogens) are agents for which
there is limited evidence of carcinogenicity in animals, and Group D chemicals
(not classified as to human carcinogenicity) are agents with inadequate human
and animal evidence of carcinogenicity or for which no data are available.
Group E chemicals (evidence of non-carcinogenicity in humans) are agents for
which there 1s not evidence of carcinogenicity in human or animal studies.

The cancer potency factor is used to estimate the excess lifetime carcinogenic
risk associated with low-dose exposure to a potential carcinogen. Cancer
potency factors derived from animal studies using the linearized multistage
model typically provide 95% upper-bound estimates of excess lifetime cancer
risks. Whereas the actual risks are unlikely to be higher than those
estimated risks, they could be considerably lower. Cancer potency factors
derived from low-dose human epidemiological studies are typically intended to
provi?e be:t estimates of lifetime cancer risk but may, in fact, underestimate
actual risk. )

6.4.3 Health Effects Criteria for Use in Risk Evaluation

Table 6-17 presents the health effects criteria that will be used to evaluate
potential health risks posed by noncarcinogens and carcinogens in surface
water, groundwater, residential well water, and soils. No inhalation criteria
are presented, because the potential for inhalation exposure (to contaminated
dust and volatilized chemicals at or near the site) is considered to be very
Tow. No human health effects criteria are available for calcium, iron,
magnesium, potassium, sodium, benzylbutylphthalate, and noncarcinogenic PAHs,
and therefore these chemicals will not be evaluated.
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Table €-17

, Health Effects Criteria for Chemicals in the Surface Water, Soil,
Groundwater, Sediment, and Leachate Seep at the Dorney Road Site

Dorney Road RI

(Ingestion/Dermal Absorption)

Reference Cancer Potency Meight
Source of Dose (RfD) Factor of a
Chemical RfD (mg/kg/day) (mg/kg/day) Evidence
ORGANICS
Benzene .- 5.20E-02 A
Bis(2-ethylhexyl) g -3
phthalate ~ IRIS 2.00E-02 8.30x10 . B2

Chlorobenzene HEA 2.70E-02 ---

Chloroform IRIS 1.00E-02 8.10E-02 B2
1,1-dichloroethane --- 9.00E-02 -
1,2-dichloroethylene .-- 5.80E-01
Di-N-butylphthalate 1.00E-01 ---

Dieldrin --- 3.00E+01
Diethylphthalate IRIS 8.00E-01 .--

Ethylbenzene IRIS 1.00E-01 .--
4-methyl-2-pentanone IRIS 5.00E-02 ---
4-methylphenol HEA 5.00E-02 .--

Naphthalene b 4.10E-02 e 4

PAHs, carcinogenic --- 1.15E+01 ---
PCBs .- 7.00E+00

Phenol IRIS 4.00E-02 ---

Styrene IRIS 2.00E-02 —.e 4
Tetrachloroethylene IRIS .-- 5.10E-02 B2
Toluene IRIS 3.00E-01 c--
1,1,1-trichloroethane IRIS 9.00E-02 ce-
Trichloroethylene --- 1.10E-02 B2
Vinyl Chloride .-- 2.30E+00 A
Xylenes(mixed) IRIS 2.00E+00 ---
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o . Table 6-17 (continued)

Health Effects Criteria for Chemicals in the Surface Water, Soil,

Groundwater, Sediment, and Leachate Seep at the Dorney Road Site.
(Ingestion/Dermal Absorption)

Dorney Road RI

Reference Cancer Potency Weight

Source of Dose (RfD) Factor of a
Chemical RfD (mg/ka/day) (mg/kg/day) Evidence
INORGANICS
Arsenic .-e 1.50E+00 A
Barium IRIS 5.00E-02 ---
Beryllium IRIS 5.00E-03 --- Bl
Cadmium MCLG 5.00E-04 .-
Chromium VI IRIS 5.00E-03 ---
Copper HEA 3.70E-02 —--
Lead tPA 6.00E-04 .--
Manganese HEA 2.20E-01 .-
Mercury EPA 1.40E-03 ---
Nickel IRIS 2.00E-02 --- A
Thallium 4.00E-04 .e-
linc HEA 2.10E-01 ---

*EPA carcinogenic weight-of-evidence classification. See text for

description of categories.

bFor the purpose of the risk assessment, all carcinogenic PAHs are assumed

to be as toxic as B(a)P.

*Currently under review.

--- No criterion developed for this chemical and this type of toxicity.
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6.4.4. Quantjtative Risk Characterization

As noted above, a more quantitative risk characterization must be completed
because ARARs are not available for all of the chemicals in each environmental
medium under consideration. Therefore, a quantitative risk characterization
is performed for all complete exposure pathways at the Dorney Road site. To
quantitatively assess the risks to human health associated with the current-
use and future-use exposure scenarios considered in this assessment, the
exposure point concentrations presented in Section 6.2 are converted to
chronic daily intakes (CDIs). CDIs are expressed as the amount of a substance
taken into the body per unit body weight per unit time, or mg/kg/day. A CDI
is averaged over a lifetime for carcinogens (EPA, 1986b) and over the exposure
period for noncarcinogens (EPA, 1986¢c). CDIs are calculated separately for
each exposure pathway because different populations may be affected by
individual pathways. .

For potential carcinogens, excess lifetime cancer risks are obtained by
multiplying the daily intake of the contaminant under consideratiogzby its
cancer potency factor. This.is appropriate for cancer risks of 10 © (i.e.,
one excess cancer in every lgg individuals exposed throughout their lifetime)
or less. A risk level of 10 ~ representing an upperbound probability that one
excess cancer case in 1,000,000 individuals might result from exposure to the
potential carcinggen. is often used as a benchmark by regulatory agencies.
Accordingly, 10°° will be the target risk level used in this report. It
should be noted that, in general, EPA cancer potency factors based on animal
data (e.g., PAHs) are 95% upper confidence 1imit values based on the
linearized multistage model. Thus, the actual risks associated with exposure
to a potential carcinogen, when compared to risks derived from animal data,
are not 1ikely to exceed the risks estimated using these cancer potency
factors, but may be lower. EPA cancer potencies based on human data (e.g.,
arsenic) are point estimates based on a linear absolute risk model. In its
Health Assessment Document for Arsenic (EPA, 1984), the Agency notes that
"while it is unlikely that the true risks would be higher than these
estimates, they could be substantially lower."

Potential risks are presented for noncarcinogens as the ratio of the chronic
daily intake exposure to the reference dose (CDI:RfD). The sum of all of the
ratios of chemicals under consideration is called the hazard index. The
hazard index is useful as a reference point for gauging the potential effects
of environmental exposures to complex mixtures. In general, hazard indices
that are less than 1 are not likely to be associated with any health risks and
are therefore less 1ikely to be of regulatory concern than hazard indices
greater than 1. A conclusion should not be categorically drawn, however, that
211 hazard indices less than 1 are "acceptable." This is a consequence of the
perhaps one-order-of-magnitude or greater uncertainty inherent in estimates of
the RfD and CDI, in addition to the fact that the individual terms in the
hazard index calculation are added, which contributes to the uncertainty.
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In accordance with EPA’s guidelines for evaluating the potential toxicity of
complex mixturaes (EPA, 1986d), it was assumed that the toxic effects of the
contaminants of concern would be additive. Thus, lifetime excess cancer risks
and the CDI:RfD ratios were summed to indicate the potential risks associated
with mixtures of potential carcinogens and noncarcinogens, respectively. In
the absence of specific information on the toxicity of the mixture to be
assessed or on similar mixtures, EPA guidelines generally recommend assuming
that the effects of different components on the mixtures are additive when
affecting a particular organ or system. Synergistic or antagonistic
interactions may be taken into account if there is specific information on
particular combinations of chemicals. In this risk assessment, 1t was assumed
that the effects of the contaminants of concern ware additive.

In this section of the risk assessment, the intakes of chemicals of concern by
potentially exposed populations are first calculated. To determine these
intakes, assumptions are made concerning chemical concentrations, exposed
populations, and exposure conditions such as frequency and duration of
exposure. For each exposure scenarfo evaluated, two exposure cases, an
average case and maximum plausible case, are considered. For the average
exposure case, geometric mean concentrations are used together with what are
considered to be the most likely (although conservative) or average exposure
conditions. For the maximum plausible case, the highest measured :
concentrations are used together with high estimates of the range of potential
exposure parameters relating to the frequency/duration of exposure and
quantity of contaminated media contacted. It should be noted that the
exposure scenarios assumed for the maximum plausible case, while considered
possible, are 1ikely to apply, if at all, to only a very small segment of the
potentially exposed populations.

Chronic dally intakes, excess 1ifetime cancer risks, and CDI:RfD ratios for
the site-related chemicals considered in this assassment, as well as the
assumptions and procedures used to calculate these values, are shown for the
scenarios evaluated in the subsections that follow.

6.4.4.1 Estimates of Exposure and Assessment of Risks Under Current- Use
gongjgms
Direct Contact with On-Site Surface Soil by Teenagers and Adylts

Direct contact with soil is considered under both current-use and future-use
scenarios. Undar the current-use scenario exposure is assumed to occur on-
site in areas of the site that are currently used for recreational activities.
As described previously, the site has several marsh areas that serve as a
water fowl habitat, and as such, is leased for hunting purposes. It is.
expected that both teenagers (ages 14-18) and adults would hunt in the area.
Exposure is expected to occur by both dermal absorption of chemicals to
exposed skin and by incidental ingestion of sofl. Average and maximum
plausible cases are considered, based on geometric mean and maximum
concentrations detected in surface soil.
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It is assumed that teenagers and adults will go hunting (on the average) once
a month, while under the maximum plausible case, it is assumed that both will
hunt (on the average) once a week. The frequency of this activity will vary
seasonally and be dependent on the length of the specific hunting season and

- the prevailing weather conditions. The assumed years of exposure for the
teenager is five, while exposure is assumed to occur throughout adult 1ife,
from ages 18 to 70. Assumptions for this pathway are presented in Table €-18.

For the dermal pathway, exposure will also vary with their dermal contact
rate. The exposure rateszwere based on a range of potential soil contact
rates (0.5-1.5 mg soil/cm®) from Schaum (1984) multiplied by a range of
exposed body surface area estimates from EPA (1985b). For the average case
teenager, the 50th percentile total body surface/area estimates were
multiplied by the fraction of the total body area comprising the hands. For
the maximum plausible case, the 95th percentile total body surface area
estimates were multiplied by the fraction of the total body area comprising
the hands and arms. Exposure rates for those 19 years and older were based on
mean surface areas by body part for adults averaged across sexes. The exposed
surface areas for the average and maximum plausible cases were assumed to be
the hands and forearms, and the hands, forearms and lower legs, respectively.

For dermal absorption of contaminants from soil, an additional set of exposure
parameters on skin absorption is required. A1l of the organic compounds of
concern present in soil at the Dorney Road site can be absorbed through the
skin to some extent. However, this route of exposure has not been well

studied and is difficult to quantify. According to Hclaughlin (1984), most
volatile compounds would fall in the category of approximately 10% dermal
absorption. More refined information exists for the PAHs and the Drinking
Water Criteria for PAHs (EPA, 1986d) suggests an average dermal absorption of
0.2% and a maximum of 2%. Wester et al. (1987) recommend a value of 7% for -
dermal absorption of PCBs. Depending on the types and concentrations of N
chemicals present in soi), the strength with which individual chemicals adsorb-
to soil particles and the extent to which they move through the skin exposure
may vary considerably. However, in this assessment, a value of 10% will be
used as a conservative approximation of the average and maximum dermal
absorption rates for the organic chemicals of concern. A value of 0.2% will

be used to approximate the average dermal adsorption rate for PAHs, while a
value of 2% will be used to approximate the maximum dermal absorption. A
value of 7% will be used to approximate dermal absorption, both average and
maximum, for PCBs.

Significant ekposure via dermal exposure of the inorganic chemicals of
potential concern is not expected because of the very low permeability of skin
to metal fons (Schaeffer et al., 1983).
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Table 6-18

Aisuﬁptions for Use in the Exposure Assessment for Direét Contact
with Soil by Teenagers and Adults at the Dorney Road Site

Dorney Road Rl

(Current-Use Scenario)

' —Jeenager Adylt
Parameter Average Plausible Average Plausible
Age of people exposed 14-18 14-18 19+ 19+
Frequency of exposure (E) 12 52 12 52
Duration of exposurs (YR) 5 5 51 51
Average body weight over ‘

period of exposure (BW) 55 55 70 70

Incidental ingestion of
contaminated soil (I) 50 100 50 100

Percent of PCBs and PAHs
absorbed from {ngasted
soil (AI) 15% 45% 15% 45%

Percent of non-PAH com-‘
pounds absorbed from
ingested soil (AI) 100% 100% 100% 100%

Soil contact rate for use
in dermal adsorption
estimate (CD) 0.43 5.68 1.45 5.80

Percent of organic com-
pound absorbed dermally
from skin (ABS)

- PAHs 0.2% 2% 0.2% 2%
- PCBs 7% 7% 7% 7%
- Other organic compounds 10% 10% 10% 10%

Percent of inorganic com-
pound absorbed dermally

from skin negligible negligible negligible negligible
Lifetime (carcinogens) (YL) 70 70 70 70
Period of exposure (non- .
carcinogens) (YL) 5 5 51 51
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Table €-18 presents the assumptions for incidental soil ingestion and oral
absorption factors for chemicals sorbed to soil. These factors assume that
PCBs and PAHs are strongly sorbed to soil, and consequently may be less:
bioavailable than these same chemicals in drinking water or food (typica1
media used in animals studies used to derive toxicity criteria). An
absorption factor of 0.15 is used for the average case, and a factor of O. 45
is used for the maximum case. These factors are based on physicochemical
properties and analogy to studies on TCDD absorption from fly ash (Poiger and
Schl?tteiéaé?eo McConnell et al., 1984 Lucier et al., 1986; Van Den Berg

et al.,

Using these assumptions, CDI estimates of ingestion of contaminants from
incidental soil ingestion by children at the Dorney Road Landfill site are
calculated as follows:

ChI =
(BW) (DY) (YL)
where ‘
CDI = chronic daily intake (mg/kg/day)
Cs = chemical concentration in soil (mg/kg)
1 = amount of soil ingested (mg/event)
kl = differential absorption factor (0.51 and 0.45 for PCBs and PAHs,

1.0 for all other chemicals)
E = number of exposure evénts per year
Yr = duration of exposure in years
X = conversion factor 10-6 (kg/mg)
BW = avefage body weight in kg |
DY = days in a year (365)
YL = years in lifetime or in the period over which risk is being

estimated (70-year lifetime for carcinogens, 5 years for
noncarcinogens).
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CDIs for dermal absorption of chemical contaminants for children are
calculated as follows:

CDI = (Cs)(CDY(EY(Yr)(Z)(ABS)
(BW) (DY) (YL)

where
CDI = chronic daily intake (mg/kg/day)
Cs = chemical concentration in soil (mg/kg)
CD = contact rate of soil (g/event)
E = number of exposure events per year
Yr = duration of exposure in years
Z = conversion factor 10-3 (kg/g)
ABS = dermal absorption factor
BW = average body weight in kg
DY = days in a year (365)

YL = years in lifetime or in the period over which risk is being \
estimated (70-year lifetime for carcinogens, 5 years for .
noncarcinogens). N’

The total CDI associated with direct contact with soils is the sum of the CDIs
from incidental ingestion and dermal absorption.

Using these assumptions, the average and maximum plausible chronic daily
intakes (CDIs) for exposure of teenagers and adults on-site are presented in
Tables 6-19 and 6-20, respectively. The potential carcinogenic and
noncarcinogenic risks associated with the estimated CDIs also are shown in
Tables 6-19 and 6-20.

The excess 1ifetime cancer risk is 2x10°° under the average case angs4xlo'6
under the maximum plausible case for teenagers, and 2x10°/ and 3x10 ° for
adults under average case and maximum case assumptions. The total
carcinogenic risk under the maximum plausible case is due to potential
exposure to arsenic, PCBs, and carcinogenic PAHs. Exposure to chemicals
exhibiting noncarcinogenic effects appears to present a low probability of
adverse health effects based on the conditions of average case, as the
individual CDI:RfD ratios and the hazard indices for noncarcinogenic exposure
are less than one. However, with the maximum plausible case assumptions, the
Q:zardi;ndex is greater than one, primarily due to the high lead content in

e soil.
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As described, the site has several marsh areas and man-made ponds (designed to
hold surface water run-off). Under this scenario, both teenagers and adults
are assumed to come into contact with surface water during hiking or hunting.
It is not expected that recreational swimming occurs nor is fishing, with
subsequent ingestion of fish, a likely scenario. It is assumed, however, that
during the course of duck hunting, which usually involves being in a boat or
duck blind in the marshes, these persons will get wet. In that case such
individuals would be exposed through dermal absorption and incidental
ingestion. This exposure scenario will have elements of absorption as
described for dermal absorption from soil and absorption as expected when a
contaminant is carried through the skin as a solute in water as in 2 swimming
episode. It 1s assumed that this exposure can be more closely approximated by
assuming a brief swimming-type episode in which dermal absorption is assumed
to occur only across exposed skin. Absorption through wet clothes was not
considered. The frequency of events and the years of exposure, and the amount
of skin surface area exposed is assumed to be the same and are assumed to
coin:ide with the recreational activities as described in the previous
section.

These and other assumptions used to calculate exposure to surface area are
summarized in Table 6-21.

Significant dermal absorption of the metals detected in on-site surface water
is not expected because the concentrations are low, and because the
permeability of even hydrated skin to metal ions is low. Further, the
episodic nature and short-duration of swimming events also minimizes the
potential for significant exposure. As a result, intakes from dermal
absorption of metals while swimming is not evaluated. A simplified approach
presented in the Draft Superfund Exposure Assessment Manual (Versar, 1986) is
used to estimate exposure via dermal absorption while swimming. This approach
assumes that a contaminant is carried through the skin as a solute in water
that is absorbed (rather than being preferentially absorbed independently of
the water). Dermal exposure per event is calculated as follows:

DEX = (D)(A)(C)(Flux)

where
DEX = estimated dermal exposure per event (mass of contaminant per
event),
D = duration of exposure event (hours),
A = skin surface available for contact (cmz),
c = contaminant concéntration in water (weight fraction), and

Flux = flux rate of water and chemical across skin (mass/cmzlhr).

6 - 53
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Table 6-21

Assumptions for Use in the Exposure Assessment for Direct Contact
with Surface Water by Teenagers and Adults at the Dorney Road Site

Dorney Road RI

(Current-Use Scenario)

—Teenager __  __ Adylt
Average Plausible Average Plausible

Parameter
Age of people exposed 14-18 14-18 194 19+
Frequency of exposure (E) 12 52 12 52
Duration of exposure (Yr) 5 5 51 51
Average body weight over :

-period of exposure (BW) 55 55 70 70
Incidental ingestion of

contaminated water (I) 10 ml 10 ml 10 ml 10 ml
Percent of compounds

absorbed from ingested

water (Al) 100% 100% 100% 100% -
Duration of exposure

event (D) 0.5 1 0.5 1
Skin §unface area

(cm®) (A) 860 3790 2940 3370
Flux ratio of water 2 ' '

across skin (mg/cm-/hr) 0.5 1 0.5 |
Lifetime (carcinogens) (YL) 70 70 70 70
Period of exposure (non-

carcinogens) (YL) 5 5 51 51

6 - 54
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The flux rate of water across the skin boundary is assumed to be the factor
controlling the contaminant absorption rate. Although the Exposure Assessment
Manual suggests using a flux rate °§ 0.5 mg/cm¢/hr, more recent data suggest
this value may be cloier to 1 mg/cm</hr {Brown et al., 1984). In this
assessment, 0.5 mg/cmS/hr will be used to evaluate the. average exposure
scenario, &nd 1 mg/cmz/hr will be used to evaluate the maximum plausible
exposure scenario. The dose per event from dermal absorption is presented in
Tables 6-22 and 6-23.

In addition to dermal contact, it is possible that a person may accidentally
swallow water. For the purpose of evaluating this potential exposure, it is
assumed that an individual will ingest approximately 10 ml of water during
_each episode. A1l of the chemicals of concern detected in on-site lakes will
be assessed in this exposure pathway. This intake (in mg) of chemical during
each event is calculated by multiplying the concentration of the contaminant
in surface water (mg/1) by the volume of water ingested (10 ml). The dose is
calculated by dividing the intake by body weight, either 55 kg for a teenager
or 70 kg for an adult. The dose per event from incidental ingestion for each
chemical of potential concern is presented in Tables 6-22 and 6-23 along with
the associated risks. -

As shown in Tables 6-22 and 6-23, the hazard index for the combined dermal
absorption and incidental ingestion exposure during swimming is less than one,
indicating a low probability of adverse health effects under the exposure
conditions assumed.

wi Sedime Foun -

Sediment samples were taken at the same time and from the same locations as
the surface water samples. These sediment samples were obtained from the
bottom of the on-site surface waters and are assumed to i1llustrate migration
of surface soil contaminants into surface waters at the site. Again it is
assumed that only persons present on-site for recreational activities, such as
hunting or hiking, would come in contact with sediments. As with surface
water exposure, contact with contaminants in the sediment is assumed to occur
as a person moves through the marshes or walks in shallow surface water areas.
While contact with sediment is 1ikely to occur primarily with the feet while
walking and feet most 1ikely will be covered (shoes, waders), the sediment may
be disturbed in the process and come in contact with exposed skin. The
primary pathway for exposure to contaminants in the sediment is by direct
contact and dermal absorption. The assumptions used in the assessment of risk
by way of this exposure route are presented in Table 6-24. As with direct

. dermal contact with seil, it is assumed that exposure may occur during the
teenage years or occur throughout an adult’s lifetime (19-70 years). Age-
specific body weights and surface areas were assumed based on the information
discussed previously. The equation described for dermal absorption was used.
Average case parameters were evaluated using the geometric mean of contaminant
concentrations, while the maximum plausible case utilized higher parameter
values and the maximum contaminant concentrations.
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o Table 6-24
Assumptions for Use in the Exposure Assessment for Direct Contact \ /
with Sediment by Teenagers and Adults at The Dorney Road Site
(Current-Use Scenario)
Dorney Road Rl
Teenager Adult _
Parameter Average Plausible Average Plausible
Age of people exposed 14-18 14-18 19+ 19+
Frequency of exposure (E) 12 52 12 52
Duration of exposure (YR) 5 5 51 51
Average body weight over
period of exposure (BW) 55 55 70 70
Soil contact rate for use
in dermal adsorption es-
timate (CD) 0.43 5.68 1.45 5.80
Percent of organic com- N2
pound absorbed dermally
from skin (ABS)
- PAHs 0.2% 2% 0.2% 2%
- PCBs 7% 7% 7% 7%
- Other organic compounds 10% 10% 10% 10%
Percent of inorganic com-
pound absorbed dermally
from skin negligible negligible negligible negligible
Lifetime (carcinogens) (VL) 70 70 70 70
Period of exposure (non- :
carcinogens) (YL) 5 5 51 51
L)
’N
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As with estimates discussed previously, the chronic daily intake is averaged
over a 70-year lifetime when considering cancer effects, but only over the
exposure duration for non-cancer effects. Daily intakes and associated risks
are presented in Tablss 6-25 and_6-26. Extra lifetime cancer risks are
extremely Tow (1x10°4Y and 1x10-9) for teenagers and adults, respectively.
The hazard indices for noncancer effects are also extremely low, indicating
that exposure by way of this pathway does not present a significant hazard.

X h_Con ‘ a

Exposure to contaminants in leachate seeps may occur through direct contact by
teenagers and adults engaged in hunting or other leisure activities. Table 6-
27 Vists the assumptions used in estimating the exposures to both teenagers
and adults from contact with seeps, however, the same skin surface area is
applied. Because the seeps are liquid 1t is assumed that those exposed will
have contact only with the feet while walking through the seeps.

Consequently, only dermal absorption of chemicals is considered. Average and
maximum plausible cases are considered, based on geometric mean and maximum
concentrations detected in residential wells. For the leachate seeps

* geometric mean concentrations were not available, therefore only maximum

plausible scenarios were addressed.

The maximum plausible chronic daily intakes (CDIs) for teenagers and adults
exposed to contaminants from contact with leachate seeps are presented in
Tables 6-28 and 6-29, respectively. The potential noncarcinogenic risks
associated with the estimated CDIs also are shown in Tables 6-28 and 6-29.

Current-Use of Groundwater

Ingestion of contaminants from groundwater is considered under a current-use
scenario. For estimates of current-use exposure, levels of contaminants as
measured in the seven existing residential wells southwest and northwest of
the site are assumed to be indicative of the groundwater contaminant levels in
these areas. It is estimated that a person living in this area would consume
2 liters of well water per day for & 1ifetime of 70 years. Potential risks
associated with other uses of well water, i.e. cooking and watering of lawns
or gardens, have not been addressed. Average body weight is assumed to be 70
kg. Average and maximum plausible cases are considered, based on geometric
mean and maximum concentrations detected in residential wells.

The chronic daily intake for ingestion of groundwater is given by
;. (GIUR)

where
CO1 = chronic daily intake (mg/kg/day),

Cw = concentration of contaminants in groundwater at the
exposure point (mg/1),

6 - 61
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Table 6-27 e

Assumptions for Use in the Exposure Assessment for Direct Contact's?: \
with Leachate Seeps by Teenagers and Adults at the Dorney Road Site

Dorney Road RI

(Current-Use Scenario)

Teenager Adult
Parameter Average Plausible Average Plausible
Age of people exposed " 14-18 14-18 19+ 19+
Frequency of exposure (E) 6 26 6 26
Duration of exposure (YR) 5 5 51 51
Average body weight over
period of exposure (BW) 55 55 70 70
Soil contact rate for use
in dermal adsorption
estimate (CD) 0.43 5.68 1.45 5.80
Percent of organic com- W/
pound absorbed dermally
from skin (ABS)
- PAHs : 0.2% 2% 0.2% 2%
- PCBs 7% 7% 7% 7%
- Other organic compounds 10% 10% 10% 10%
Percent of inorganic'coma
pound absorbed dermally
from skin _ * * * *
Lifetime (carcinogens) (YL) 70 70 70 70

Period of exposure (non-
carcinogens) (YL) 5 5 51 51

. * - negligible.
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Iﬁ' . ingestion rate of water (1/day), and
BW = average body weight (kg).

The average and maximum plausible chronic daily intakes (CDIs) for exposure to
coggaminants from groundwater under current conditions are presented in Table
6-30. :

From this same groundwater monitoring data an estimate of exposure from
showering with this water is developed according to a model developed by
Foster and Chrostowski (1987). Inhalation exposures to volatile organic
chemicals are modeled by estimating the rate of chemical release into the air,
. the buildup and decay of these chemicals in the shower room air, and the
quantity of airborne chemicals inhaled while the shower is both on and off.
Estigates of inhalation exposure were developed assuming one ten-minute shower
per day.

The average and maximum plausible chronic daily intakes (CDIs) for exposure to
contaminants from showering with groundwater under current conditions are
presented in Table 6-30. The potential carcinogenic and noncarcinogenic risks
associated with the estimated CDIs also are shown in Table 6-30.

The potential carcinogenic and noncarcinogenic risks associated with the
estimated CDIs for drinking water and showering combined are shown in Table 6-
30. From drinking and showering with groundwater from residential wells, the
excess lifetime cancer risk is 7x10°° under the average case and 3x10°° under
the maximum plausible case.

6.4.4.2 [Estimates of Exposure and Assessment of Risks Under Future-Use
Conditions

In the absence of future remedial actions and institutional actions limiting
access to the site and surrounding area, the routes of exposure quantified for
current-use also would apply in the future. In addition, however, different
land-use of the site in the future may result in additional exposures. As
discussed in Section 6.3, exposure pathways that may potentially be complete
in the future are dermal absorption and incidental ingestion of soil by future
residents, workers or recreational users of the site, ingestion of groundwater
and inhalation of volatile organic chemicals found in groundwater, if used as
a residential water supply. Under the assumed potential future site uses,
soil exposures could potentially occur from surface and subsurface soil,
particularly 1f the site is regraded during future site use which would expose
. the soils and waste at greater depths. The concentrations of the chemicals of
potential concern that will be used in estimating future exposure are
presented in Section 6.2. Waste concentrations of leachable chemicals in soil
would be expected to decrease in the future. However, to the extent that the
landfi1l has not been characterized at greater depths, these concentrations
and identified chemicals may not be appropriate for use in scenarios involving
extensive disturbance of the fill.
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Exposure and risk under these hypothetical future-use scenarios are discussed
in this .section. Quantitative estimates of exposure and risk are presented
below for residents. Soil exposures and risk to construction workers and
future recreational users are discussed.

C a ‘ S

People may become exposed to soil contaminants at the Dorney Road site during
any construction activity that may take place in the future, and during future
use of the site as a residential or recreational area. In all cases, the
chemicals of concern can enter the body by absorption through the skin and by
_ incidental ingestion of soil during outdoor activities. Exposures and risks
to future residents are discussed quantitatively, whereas those under the
other future-use scenarios (recreational or worker) are evaluated
qualitatively.

To assess exposures to residents living on the site in the future, it is
assumed that an individual could be exposed throughout most of their childhood
(1-18 years, average case), or through their entire lifetime (70 years,
maximum plausible case). Exposures during these periods will vary because
certain factors that influence dose (e.g., amount of soil ingested, body
surface area, body weight, etc.) vary with age. Therefore, chronic daily
intakes are estimated using age-specific assumptions. Table 6-31 presents the
assumptions used in assessing exposure via dermal contact with soils and
incidental ingestion of soils, respectively, for the average and maximum
plausible case. This exposure analysis assumes that the chemicals and
concentrations detected at a depth of one to two feet are representative of
exposuras at the depth to which future residents may be exposed. Conceivably,
exposure to deeper soils could occur, particularly in the landfill area, if
construction of the residences required extensive regrading and digging.

Those potential exposures are not evaluated.

Exposure rates for the pathway involving dermal contact with soils are
provided in Table §-31 for four age periods. The exposure Sates were based on
a range of potential soil contact rates [0.5-1.5 mg soil/cmé for children
(Schaum, 1984)] multiplied by a range of exposed body surface area estimates
from EPA (1985b). For the first three age periods (2-7, 8-13, and 14-18
years), estimates of exposed surface areas were based on total body surface
areas averaged across age group categories and across sexes and then
multiplied by the fraction of total body area assumed to be exposed. For the
average case, the 50th percentile total body surface area estimates were
multiplied by the fraction of the total body area comprising the hands. For
the maximum plausible case, the 95th percentile total body surface area
estimates were multiplied by the fraction of the total body area comprising
“the hands and arms. Exposure rates for the last age period, 19 years and
older, were based on mean surface areas by body part for adults averaged
across sexes. The exposed surface areas for the average and maximum plausible
cases were assumed to be hand and forearms, and the hands, forearms and lower
legs, respectively.
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Table 6-31

Assumptions for Use in the Exposure Assessment for

Direct Contact with Soil by Persons at the Dorney Road Site f .

Dorney Road RI

(Future-use Scenario)

Plausible
Parameter Average Exposure Maximum Exposure
. Age of people exposed 2-7 8-13 14-18 2-7 8-13 14-18 19+
Frequency of exposure (E) 48 48 36 104 104 104 104
Duration of exposure (YR) 6 . 6 5 6 6 § 5l
Average body weight over
period of exposure (BW) 20 35 55 20 35 5. 70
Incidental ingestion of
contaminated soil (I) 100 50 50 500 250 100 100
Percent of PCBs and cPAHs
absorbed from ingested
soil (Al) 15% 15% 15% 45% 45% 45%  45%
Percent of non-PAH com-
pounds absorbed from )
ingested soil (Al) 100% 100% . 100% 100% 100% 100% 100%
Soil contact rate for use -
in dermal adsorption
estimate (CD) 0.21 0.35 0.43 2.52 4.04 5.68 5.80
~ Percent of organic com-
pound absorbed dermally A
from skin (ABS)
- PAHs 0.2% 2% 0.2% 2%
- PCBs 7% 7% 7% 7%
- Other organic compounds 10% 10% 10% 10%
" Percent of inorganic com-
pound absorbed dermally ,
from skin * * * * * * *
Lifetime (carcinogens) (YL) 70 70 70 70 70 70 70
Period of exposure (non- |
carcinogens) (YL) - 6 6 5 6 6 5 51
* = negligidble.
6-75
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Dermal absorption was assumed to be as stated in the direct soil contact
scenarfo-dfscussed under current-use conditions. Similarly, absorption by the
oral route was assumed to be 15% and 45% for PAHs and PCBs under average and
maximum plausible case, respectively. The average and maximum plausible soil
ingestion rates for children and adults are derived from LaGoy (1987) and are
assumed to be 50 mg and 100 mg/day for average and maximum plausible cases.
The assumptions used in this scenario are listed in Table 6-31.

The potential carcinogenic and noncarcinogenic risks associated with the
estimated chronic daily exposyres are sgown in Tables 6-32. Extra lifetime
cancer risk ranges from 9x10°/ to 9x10°9 for average and maximum plausible
case assumptfons. As with the current-use direct soil contact scenario, the
risk is derived primarily from the PAHs, PCBs, and arsenic in surface soil.
The hazard index in the plausible case exceeds a value of one due to the high
1ead content in the soil.

Workers. Exposure of future workers to indicator chemicals at the Dorney Road
site is estimated. It is assumed that in the future, the site may be
developed into a residential or industrial area. The exposure pathway
considered is direct contact with soils, resulting in incidental ingestion and
dermal absorption. Inhalation exposures are not evaluated quantitatively, but
may occur if workers are exposed to volatile chemicals while digging in the
landfill. Table 6-33 1ists the assumptions used in estimating the exposures
to workers from direct contact with surface and subsurface soils. The
frequency of exposure is based on work occurring 5 days a week for 6 months of
the year for the average case, and 5 days a week for 9 months of the year for
the maximum plausible case. It is further assumed, that a worker may work at
the site for 5 years under the avera?e case, and for 10 years under the
maximum plausible case. For the adult worker, ﬁhe soil contait rate per
exposed area is assumed to range from 0.5 mg/cm 50 1.5 mg/cm 3 and the
exposed surface area of skin to range from 900 cmé to 2,900 cmé.

Using these assumptions, the average and maximum plausible chronic daily
intakes (CDIs) for future exposure of workers to surface and subsurface soils
on-site are presented in Tables 6-34 and 6-35. The potential carcinogenic and
noncarcinogenic risks associated with the estimated CDIs are al;o shown in
Tables 6-34 and 6-35. _The excess lifetime cancer risk is 2x10°/ under the
average case and 2x10°° under the maximum plausible case for workers exposed
in the future to surface soils on-site. For workers exposad in the future to
subsurface soils,_the excess lifetime cancer risk is 4x10°° under the average
case and is 9x10-3 under the maximum plausible case. Exposure to chemicals
exhibiting noncarcinogenic effects appears to present a low probability of
adverse health effects based on the conditions for both average cases and the
maximum plausible case for subsurface soil exposure, as the individual CDI:RfD
"ratios and the hazard indices for noncarcinogenic exposure are less than one.
Howaver, with the maximum plausible case assumptions for exposure to surface
soils, the hazard index is greater than one, primarily due to the high lead
content in the soil.
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Table 6-33

Assumptions for Use in the Exposure Assassment
for Direct Contact with Surface and Subsurface Soil
by Workers at the Dornay Road Site -

Dorney Road RI

(Future-use Scenario)

Parameter Average Plausible
Age of people exposed 19+ 19+
Frequency of exposure (E) 130 195
Ouration of exposure (YR) 5 10
Average body weight over
period of exposure (BW) 70 70
Incidental ingestion of
contaminated soil (I) 50 100
Percent of PCBs and PAHs
absorbed from ingested
soil (AI) 15% 45%
Percent of non-PAH com-
pounds absorbed from
ingasted soil (AI) 100% 100%
Soil contact rate for use
in dermal adsorption
estimate (CD) 0.45 4.35
Percent of organic com-
pound absorbed dermally
from skin (ABS)
- PAHs 0.2% 2%
- PCBs 7% 7%
- Other organic compounds 10% 10%
Percent of inorganic com-
pound absorbed dermally
from skin negligible negligible
Lifetime (carcinogens) (YL) 70 70
Period of exposure (non-
carcinogens) (YL) 5 10
6 - 80
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Future ﬁgg;gf Groundwater

Future-use exposure via groundwater from on-site wells and off-site shallow.
and deep wells is estimated. It is assumed that the Dorney Road Site may be
developed for residential use and that there would be wells on-site for
residential use. It is also assumed that other areas off-site may be
de¥$loped and that such deve1opment may involve shallow or deep groundwater
wells

Estimation of future-use exposure from these wells would involve estimation of
leaching of soil contaminants to groundwater by estimating downward migration
of contaminants using a steady-state dispersion model. The model would
.predict future concentrations at bedrock and dilution factors would then be
applied to account for attenuation and dispersion of contaminants during
downward migration into groundwater. 1In the absence of this groundwater
modeling data, it is assumed that in the future, contaminant levels will not
exceed present levels as indicated by on-site and off- site both shallow and
deep, groundwater samples. .

Assumptions of water ingestion and average and maximum plausible cases are as
stated previously (Section 6.4.4.1). Potential risks associated with other
uses of well water, i.e. cooking and watering of lawns or gardens, have not
been addressed. The average and maximum plausible chronic daily intakes
(CDIs) for exposure to contaminants from groundwater under future-use
conditions for on-site wells are presented in Table 6-36, while those for off-
site shallow and off-site deep wells are presented in Tables 6-37 and 6-38,
respectively.

The potential carcinogenic and noncarcinogenic risks associated with the
estimated CDIs for drinking water and showering combined are also shown in
Tables 6-36, 6-37 and €6-38. From drinking and showering with groundwater from
future on-site wells, Ehe excess lifetime cancer risk is 1x10°° under the
average case and 1x10°¢ under the maximum plausible case. From drinking and
showering with groundwater frgm future off-site shallow wells, the excess
lifetime cancer risk is 9x10-% under the average case and 4x10°° under the
maximum plausible case. From drinking and showering with groundwates from
future off-site deep wellsA the excess lifetime cancer risk is 1x10°% under
the average case and 3x10°% under the maximum plausible case.

. Exposure of future recreational users of the Dorney Road
Landfill site to soil contaminants also was not assessed quantitatively.
Assuming the reported soil concentrations are representative of the chemical
- concentrations at the depth to which future recreational users would be
exposed, exposure and risks to these individuals would likely be less than
those to future residents because exposure durations and frequencies are
likely to be much less. Potential exposures of future recreational users to
soil contaminants at greater depths cannot be evaluated.
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6.4.5 Estimation of Cleanup Llevels

In previous sections exposure pathways were described and chronic daily intake
for each chemical and exposure pathway estimated based on-site conditions and
assumptions about current and future use. Estimates of human risks were then
derived. For estimates of extra lifetime cancer risk, the chronic daily
intake (CDI) in multiplied by the unit potency factor. For estimates of risk
due to noncarcinogenic effects, a ratio of CDI to the Reference Dose (RfD) is
calculated. The assumptions used and estimates of daily intake and
corresponding risks are presented in Tables 6-19 to 6-38.

An alternative approach is to estimate the concentration of a particular
chemical in an environmental media (soil, groundwater, etc.) that would not
pose an unacceptable risk should human exposure occur by that specified
pathway. Under this approach, the concentration of a chemical ig estimated so
that the resulting chronic daily intake would not exceed a 1x10°° extra human
cancer risk or a hazard index, CDI:RfD, of one. These concentrations termed
cleanup levels were estimated for two exposure pathways: (1) direct contact
with soil under current-use and future-use conditions, and (2) residential use
of groundwater. Lo

Direct Contact with Soil. Direct contact with soil under both current and
future-use scenarios is comprised of both a dermal absorption pathway and an
incidental soil ingestion pathway.  The chronic daily intake (in mg/kg/day) of
a specific chemical is the sum of the amount of chemical absorbed dermally and
the amount of chemical absorbed after ingestion of soil.

Under the current-use scenario (Section 6.4.4.1), the Dorney Road site is used
for recreational purposes only. The area is used primarily for hiking and
hunting. It was assumed that both teenagers and adults would use the area for
hunting and consequently two sets of assumptions, an average case and a
maximum plausible case, were developed for both teenagers and adults (Table 6-
18). These assumptions concerned such parameters as the number of hunting
events per year, body weight, dermal contact factor, absorption factor, etc.

For the future-use scenario, it was assumed that the landfill area had been
converted to residential use. As described in section 6.4.4.2, it was assumed
that a person would 1ive in the area until the age of 18 (average case) or
would reside in the area for their entire lifetime (maximum plausible case).
The assumptions for this scenario are listed in Table 6-31. These assumptions
include age-specific values for body weight, skin surface area, incidental
soil ingestion, etc. : -~

. An estimate of the soil concentration of a particular chemical that would
result in 2 one in a2 million cancer risk should exposure occur by way of a
dermal absorption pathway from direct contact with soil is calculated by:

W Y

Cs = ___(Rc)(BWI(DVI(VL)
(CD) (E)(Yr)(Z)(Abs)(qy*)
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where _ ) )
CQ' i chemical concentration in soil (mg/kg)
Re = extra Vifetime cancer risk of 1x10°§
BW = average body weight in kg (age-specific)
DY = days in a year (365)
YL = years in a 70-year lifetime
CD = contact rate of soil (g/event)(age-specific)
£ = number of exposure events per year
Yr = duration of exposure in years
z = conversion factor (kg/1000 g)

Abs = dermal absorption factor (1% and 3% for average case and
maximum plausible case, respectively)

ql* = chemical-specific unit potency factor in (mg/kg/day)'lo

Estimates of soil concentration based on incidental soil ingestion are
calculated as follows:

Cs =

OADTE 07 (@
where

Cs = chemical concentration in soil (mg/kg)

Rc = extra lifetime cancer risk of 1x10°6

BW = average body weight in kg (age-specific)

DY = days in a year (365)

YL = years in a 70-year lifetime

I = amount of soil ingested (mg/event)(age-specific)

Al = absorption factor (15% and 45% for PAHs and PCBs under
:;g;:g:]:?d maximum plausible case; 100% for all other

E = number of exposure events per year
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Yr = duration of exposure in years

X = conversion factor 10-6 (kg/mg)
a9t . chemical-specific unit potency factor in (mg/kg/day)"1

Since the risk associated with direct soil contact is the result of the sum of
the amount of chemical ingested and the amount of chemical dermally absorbed,
then the soil concentration, Cs, may be expressed as:

Cs = Re (Bw) (DY) (YL) + [ (B¥I(DY)(YL)
9* (CD)(E)(YR) (Z) (Abs) (I{(AT) (E)(Yr)(X)

Similarly, soil concentrations based on @ chronic intake which would result in
2 Risk Reference Dose Ratio of 1.0 is estimated by

Cs = (Ry) (RD) | [ (BW)(DY) (VL) + [ (B¥)(DY)(YL)
(CD) (E)(YR)(Z) (Abs)f \ (I)(AT)(E)(Yr)(X)

where
Cs = chemical concentration in soil (mg/kg)
RN = a chronic 1htake/Risk Reference Dose of 1.0
RfD = the Reference Dose for a noncarcinogenic endpoint
YL = years in the exposure period.
A1l other parameters are as described previously.

Based on these equations and using the assumptions for direct soil contact
under current-use conditions (Table 6-18) and future-use conditions (Table 6-
31), and chemical-specific potency factors and References doses presented in
Table 6-17, cleanup levels for each surface soil contaminant of concern are
estimated. For noncarcinogens, soil cleanug levels are based on both the
average case assumptions and maximum plausible case assumptions. For
chemicals believed to be carcinogenic, soil cleanup levels estimated are based
on maximum plausible case assumptions.  Soil cleanup levels estimated_are
those _which wguld result xn extra lifetime human cancer risk of 1x10-7,
lx10'5, 1x10°°, and 1x10°%, corresponding to a range of risks from one in ten
- million to one in ten thousand.  The cleznup levels under current-use
assumptions for teenagers and adults are presented in Tables 6-39 and 6-40.
For future-use assumptions, the cleanup levels are given in Table 6-41.
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Focusing on PAHs, cleanup levels for a 1076 risk are 2.3 ppm and 0.36 ppm
based on current-use assumptions for teenagers and adults, respectively, and :
0.13 ppm based on future-use assumptions. ’ U

Ingestion of Groundwater. Cleanup levels for surface soil and subsurface

soils that would be protective of groundwater were also estimated. Under this
"scenario, it was assumed that groundwater was used as a residential source of
drinking water and that chemicals present in the soil and subsurface soil have
the potential to leach from these soils into groundwater. Cleanup levels in
soil represent the concentration of a particular chemical that, should it ,
leach to groundwater and subsequently be ingegted as drinking water, would not
result in an extra human cancer risk of 1x10°° or a chronic daily intake
Reference dose ratio of ona.

First, the concentration of chemical in groundwater is estimated. For extra
1ifetime cancer risk the concentration-is calculated as follows:

Cho = —{BWLR) _
(1) (X)(a1*)

for carcinogenic chemicals, and

we = O
for noncarcinogenic chemicals, where
cwe = concentration of chemical in groundwater in ug/1, \\_,/
8W = body weight, assumed to be 70 kg,
R = extra lifetime cancer risk of 1x10°% or a hazard index of one
I = daily intake of water assumed tﬁ be 2 1/day,
X = conversion factor 10°3 (mg/ug)
9% . unit potency factor in (mg/kg/day)'l, and
RfD = Risk Reference Dose in mg/kg/day.

Then, the soil concentration of a contaminant that with leaching would result
. in the estimated groundwater concentration (i.e., the amount of ghemical in

groundwater that when ingested would result in less than a 1x10°9 extra
lifetime cancer risk) is calculated. Concentrations of contaminants in
bedrock can be predicted based on future leaching from waste materials by
assuming an equilibrium partitioning between water and soil as described by
Mills et al. (1985) by the equation:

N
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Cye. = LS/R-

where
Cs = concentration of contaminants in waste (mg/kg), and
R =1 + b(Rd/f);
where
b = soil bulk density (2.7 g/ml),
f = water content (0.2, assuming a saturated medium), and
Kd = Koc foc \ ‘
where

Koc = organic carbon partitibn coefficient and
foc = fractions of organic carbon in soil (2.3x10‘5)

By rearranging this equation to
Cs = (cwe)(l + b (Koc foc/f),

Estimates of soil concentrations (Cs) at cleanup levels can be estimated.
These levels are based on drinking water ingestion only and do not consider
exposures due to inhalation of volatile chemicals during. showering or other
residential water use. In addition, cleanup levels were estimated only for
those chemicals with a Koc value. : :

Based on these equations and assumptions, cleanup levels for surface soil and
subsurface soil contaminants are presented in Tables 6-42 and 6-43. Cleanup
levels that represent a Chronic Intake/Risk Reference Dose of_1.0 or
correspond to an upperbound extra lifetime cancer risk of 10-7 to 10°4 (one in
ten million to one in ten thousand) are presented. Focusing on PAHs, a
surface soil concentration of 5.20 mg/kg PAH, is estimated, upon_leaching to
groundwater, to result in an extra lifetime cancer risk of 1x10-6.

6.5 SUMMARY AND RISK ASSESSMENT UNCERTAINTIES

This endangerment assessment addresses the potential impacts to human health
associated with the Dorney Road Landfill site in the absence of remedial
(corrective) action, and therefore, constitutes an assessment of the no-action
alternative. This endangerment assessment follows EPA guidance for risk
assessment in general and for Superfund sites in particular and is based

primarily on the data generated during the Remedial Investigation. The

salient features and conclusions of this risk assessment are presented below.
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As part.of- the Remedial Investigation on which this assessment is based,
samples were collected from surface water, groundwater, soil, and sediment on
and near the Dorney Road site in areas potentially affected by the site. In
addition, background samples and reference samples blanks were collected in
each of these media. The analytical data for these samples were reviewed to
determine which of the chemicals detected were present at concentrations above
‘those which are considered to occur naturally (background). Those chemicals
that were detected at concentrations above background were selected as
chemicals of potential concern at the Dorney Road site. The presence of
chemicals above background levels does not necessarily indicate that these
chemicals are related to the landfill. But because it 1s difficult to
definitively determine site-relatedness of chemicals in situations such as the
Dorney Road landfill where the waste disposed are not complaetely defined, we
have conservatively assessed the potential impacts of all chemicals that were
detected at the site at levels above background and for which toxicity
information is available. Both inorganic and organic chemicals were selected
as chemicals of potential concern. In soils, 8 inorganics and 13 organics
were selected. ‘

The on-site surface soil was more highly contaminated than off-site surface
soils. PAHs were present in on-site surface and subsurface soil, but absent
in off-site surface soil. While most of the inorganics found in on-site
surface and subsurface soil were also found off-site, the concentrations of
chromium, copper and lead were substantially higher in on-site samples. In
surface waters, only one organic chemical and three inorganics, lead, zinc,
and manganese, were salected for evaluation. As with soils, many chemicals
were common to on-site and off-site groundwater, but the concentrations of
lead, arsenic, benzene, vinyl chloride, cadmium, and chromium were detected in
much higher concentrations on-site. In residential drinking water,
trichloroethylene, and tetrachloroethylene, were detected and evaluated.

Only those chemicals of potential concern for which adequate toxicity data are
available were evaluated further in this assessment. Adequate toxicity data
for use in risk assessment include environmental standards, criteria, or
advisories that are potential ARARs (applicable or relevant and appropriate
requirements for Superfund assessment), or critical toxicity values such as
references doses (RfDs) for noncarcinogens, and cancer potency factors for
carcinogens.

Potential pathways by which human populations could be exposed to chemicals of
potential concern, currently and in the future, were identified and selected
for evaluation. Identification and selection of pathways was based primarily
on considerations of chemical migration and the current and hypothetical

" future uses of the site and surrounding area.

The environmental characteristics and the current land use of the Dorney Road
site were evaluated to identify potential pathways by which human populations
could be exposed to the chemicals of potential concern. Exposure to
chemicals of potential concern via direct contact with soil, surface water,
sediments, and seeps and residential use of groundwater (residential wells)
were selected for evaluation under the current-use conditionms.
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Future-use scenarios were developed and potential future exposures were
evaluated. The exposure pathways that may be complete and significantly.
contribute to risk in the future, but that are not considered pertinent under
current sue of the site, are dermal contact and incidental ingestion of $oil
by future residents, workers, and recreational users of the site. Swimming
and fishing in on-site ponds are not considered likely events. Exposure of
future workers and recreational users was qualitatively evaluated. Other
potential future exposure pathways were not evaluated because they were not
cogpleti or were not believed to contribute significantly to overall exposure
and risk.

Risks from potential exposures were evaluated first by comparing
concentrations of chemicals in the contaminated exposure medium (e.g., surface
‘water, soil, and groundwater) at points of potential exposure with Federal
environmenta] standards, criteria, or guidance that were identified as
"Applicable or Relevant and Appropriate Requirements" (ARARs). ARARs were not
available for all chemicals in all media, and therefore risks were
quantitatively assessed for human exposures to chemicals of potential concern
in surface water and in soil.

Quantitative risk assessment involves estimating intakes (doses) by -
potentially exposed populations based on the assumed exposure scenario. These
intakes are then combined with reference doses (RfDs) or cancer potency
factors to derive estimates of noncarcinogenic hazard or excess lifetime .
cancer risks, respectively, to the potentially exposed populations. For
noncarcinogens, results are presented as the ratio of the intake of each
chemical to its RfD, and as the hazard index, which is the sum of the ratios
of the intake of each chemical to its RfD. If the value of the hazard index
exceeds one, there is an indication that health hazards might result from such
exposures, For carcinogens, the excess lifetime cancer risk was estimated,

and a 10-6 risk level (i.e., one excess cancer per million population exposed
for a.lifetime) was used as a benchmark.

ARARs for the protection of human health were available for some chemicals of
‘potential concern in groundwater and surface water. Mean and maximum
concentrations of these chemicals in the shallow and deep off-site
groundwater, residential well water and surface water were compared with the
appropriate chemical-specific ARARS. .

In groundwater, the maximum concentration of arsenic, barium, cadmium,
chromium, manganese, lead, benzene, and vinyl chloride exceeded their ARARs.
The geometric mean concentration of benzene and viny] chloride also exceeded
. the ARARs. In residential well water, only the maximum concentration of

trichloroethylene exceeded the ARAR, while in surface water, all chemicals
detected were below their corresponding ARARs.
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Under current-use conditions estimates of risk were developed for direct

contact- with soil (surface), sediments, seeps, and surface water, and for -
exposure (by drinking water and showering) to contaminants in residential .
groundwater. gaximum glausible case estimates of extra 1ifetime cancer risk “—7/
exceeded 1x10°° (4x10°° and 3x10°° for teenagers and adult) for the direct

contact with surface soil pathway. Risks were derived primarily from the

presence of PAHs and arsenic. Direct contact with sediments does not appear

to pose a significant cancer risk and no carcinogens were detected #n surface
water or seeps. '

Similarly, the hazard index exceeds one for the on-site soil pathway primarily
due to the high concentrations of lead. Exposure to noncarcinogens by way of
sediment, surface water and seeps all result in a hazard index of less than
one. In residential drinking water levels of trichlorgethylene and
tetrachloroathylene result in a combined risk of 2x10°° under the maximum
plausible case.

Under future-use scenarios, direct contact with surface soil and contact with
groundwater was assumed to occur with residential use of the site. For soil
exposures to ;uture resigents in the landfill area, the lifetime extra cancer
risk is 9x10°/ and 9x10°° for the average case and maximum plausible case
primarily due to the presence of PAHs and arsenic. The noncancer risk hazard
index again exceeds one for the maximum plausible case due to the high
concentrations of lead, chromium, and nickel. On-site exposure to
groundwater, assumed to be used for residential drinking water under a futuse-
use condition, resulted in estimates of extra lifetime cancer risk of 9x10°°.

Summar \ /
In summary, the above analysis indicates that any persons using the landfill
as specified, and having direct contact with soils on a freguent basis, may
experience excess lifetime cancer risks of greater than 10°°, A summary of
the potential risks associated with the site is presented on Table 6-44.

Risks to future workers and recreational users may be less. Caution should be
exercised in interpreting the above risk estimates. Although, in general,
there are considerable uncertainties inherent in risk assessment and it is
common- to use conservative scenarios such as lifetime exposure (which is
possible but not 1ikely), there are several aspects of the above risk
estimates, relating to the conditions and assumptions of exposure and the
toxicity criteria, that add an additional degree of uncertainty. These are
outlined below.

Discussion of Uncertainties
" A1l risk assessments involve the use of assumptions, judgement, and imperfect
data to varying degrees. This results in uncertainty in the final estimates

of risk. The uncertainties affecting risk estimates will be discussed in the
remainder of this section.
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Uncertainty in a risk assessment may arise from many sources including:

- Environmental chemistry sampling and analysis; W J

- Misidentification or failure to be all-inclusive in hazard
identification;

- Choice of models and input parameters in exposure assessment and fate and
transport modeling;

- Choice of models or evaluation of toxicological data in dose-response
quantification; and

- Assumptions concerning exposure scenparios and population distributions.

Uncertainty may be magnified in the assessment through a combination of these
sources.

In risk assessments in which considerable uncertainty is anticipated, a
technique commonly employed to compensate for uncertainty is to bias the
assessment in the direction of overestimation of risk. This is often termed a
"worst case” or "conservative" analysis. The net effect of combining numerous
conservative assumptions is that the final estimates of risk may be greatly
overaestimated.

Environmental chemistry sampling and analysis error can stem from the error

inherent in the procedures, from a failure to take an adequate number of

samples to arrive at sufficient areal resolution, from mistakes on the part of \\_,/
the sampler, or from the heterogeneity of the matrix being sampled. One of

the most effective ways of minimizing procedural or systematic error is to

subject the data to a strict quality control review. Even with all data

rigorously quality assured, however, there is still error inherent in all

analytical procedures, and it is still not possible to definitively determine

if the sample is truly representative of site conditions.

The absence of environmental parameter measurement also contributes to
uncertainty. Lack of site-specific measurements requires that estimates must
be based on literature values, regression equations, extrapolations, and/or
best professional judgement. Modeling errors can stem from a lack of
validation or verification of the models. Typically an order of magnitude
result is considered to be satisfactory for most complex modeling scenarios.
Values for the input parameters used in these models will be based on site-
specific information where available but many of the required input parameters
" would also probably be based on more general information presented in the
scientific 1iterature.

In almost all risk assessments, the largest source of uncertainty is in

critical toxicity values (RfDs and cancer potency factors), and thase

uncertainties may significantly affect the magnitude of the risk estimates
presented in an endangerment assessment. Health-criteria for evaluating long-

term exposures such as RfDs or cancer potency factors are based on concepts .
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and assumptions which bias an evaluation in the direction of overestimation of
health risk. EPA noted in its Guidelines for Carcinogenic Risk Assessment
(EPA, 1986b): N

There are major uncertainties in extrapolating both from
animals to humans and from high to low doses. There are
important species differences in uptake, metabolism, and
organ distribution of carcinogens, as well as species and
strain differences in target site susceptibility. Human
populations are variable with respect to geometric
constitution, diet, occupational and home environment,
activity patterns, and other cultural factors.

These uncertainties are compensated for by using upper bounds for cancer
.potency factors for carcinogens and safety factors for reference doses for -
noncarcinogens. At best, the assumptions used in an endangerment assessment
provide @ rough but plausible estimate of the upper limit of risk, f.e., it is
not likely that the true risk would be much more than the estimated risk, but
it could very well be considerably lower, even approaching zero.

In addition, there are varying degrees of confidence in the weight of evidence
for carcinogenicity of a given chemical. EPA’s (1986b) weight-of-evidence
classification provides information which can indicate the level of confidence
or uncertainty in the data obtained from studies in humans or experimental
animals. Some of the uncertainties in the hazard evaluation are further
compensated for by assuming that animal carcinogens behave as human
carcinogens. The summation of the risks associated with all potential
carcinogens tends to overestimate risk by including probable human carcinogens
(Group B) with demonstrated human carcinogens (Group A).

There are also inherent uncertainties in determining the exposure parameters
that are combined with toxicological information to estimate risk. For
example, there are uncertainties regarding assumptions in estimating the
likelihood than an individual would come into.contact with contaminants
originating at the site, the concentration of chemicals in the environmental
medium of concern, and the period of time over which such exposures would
occur. In general, conservative assumptions will be made in estimating
exposure point concentrations and estimating chemical intakes.

A1l of these individual sources of error may be propagated into larger errors
by mathematical combination in the risk assessment. For purposes of
evaluating remedial alternatives under Superfund, however, risk assessment
provides a method to compare risks associated with various exposure routes,
and this information can then be used to determine if and how remedial actions
- should be taken. '
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7.0 IDENTIFICATION OF PRELIMINARY REMEDIAL ACTION

Preliminary remedial actions have been identified which address site-related
problems in groundwater, soils, surface water, and sediments. These are
presented by media in the following sections.

7.1 GROUNDWATER

The hydrogeology of the Dorney Road site is complex; but, in general, the
groundwater flow has been defined sufficiently for use in the selection and
design of appropriate remedial measures. Additional hydregeologic information
may be required by PADER and USEPA for verification purposes during the
subsequent design phase of the selected alternative.

A summary of the potentially feasible remedial alternatives identified for
groundwater and the engineering solutions or technologies comprising each
alternative are presented in Figure 7-1.

To address the pump and treat or in-situ treatment alternatives, additional
site-specific hydrogeologic data will be required. Additional wells will be
required to better delineate the vertical and horizontal limits of the
contaminant plume. Also additional wells, screened only in the deep portion
of the aquifer, will be required to document water quality of the deeper
portion of the aquifer. Additional pump testing of the water-table aquifer
should be performed to define the radius of influence for proposed extraction
wells. To support any of the potential feasible remedial alternative, the
hydraulic connections between the perched aquifer and the water-table aquifer
and betwegn residual soils that extend into the water-table must be better
understood.

Since the piezometric surface of the water-table aquifer is only inferred from
wells located outside of the 1andfill, the installation of wells through the
1andfill may be necessary to better delineate on-site water-table aquifer
gradients and to determine whether the perched system within the fill is
actually hydraulically connected to the water-table aquifer.

7.2 SOILS

The analytical results of the surface and subsurface soil samples show that

contaminated surface and subsurface soils are present throughout the site. A

summary of the potentially feasible remedial alternatives identified for the

onsite soils and the potential engineering solutions or technologies

comprising each alternative are presented on Figure 7-2. The off-site soils
were not identified as an operable unit requiring remediation.

The onsite containment alternative requires that the aerial extent and depth
of contamination be better defined to determine the extent of the area
required to be controlled by the containment devices (e.g., cap, slurry wall,
etc.). Additional geology information will be required to define competent
bedrock if slurry wall containment is selected as part of the containment
system.

7-1
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Alternatives that include treatment of the soils will require information on

the types .and concentrations of contaminants present in the soil, as well as

the volume of contaminated soils. Further testing or bench scale testing may )
be required during the feasibility study to establish waste characterization N
(i.e., BTU, etc.) for selected treatment techniques.

7.3 SURFACE WATER

Based on the analytical results from the RI sampling, the surface water from
the ponded areas of the site exhibit only low level volatile organic and
inorganic contamination. Maximum concentrations were detected in the ponded
areas located in the north central portion of the site and the small ponded
area along the southern border. Discharge from the ponds occurs only during
periods of high precipitation and spring runoff. Additional sampling to fully
characterize surface water for the evaluation of treatment or disposal options
m?y be required during the formulation and evaluation of remedial
alternatives.

The volume of surface water requiring remediation will be needed during the
avaluation of the treatment or removal remedial alternatives. A summary of
the initial potentially feasible alternatives identified for the onsite
surface water and the engineering solutions or technologies comprising each
alternative are presented on Figure 7-3.

7.4 SEDIMENTS

The analytical data collected during the RI field activities indicate the
onsite sediments associated with the ponded areas exhibit low level
contamination. The presence of contamination appears to be related to erosion \\_,/
and deposition of the onsite contaminated surface soils as a result of surface
runoff and transport. The potentially feasible remedial alternatives for the
onsite sediments include removal and onsite containment. Additional data may
be required to adequately characterize the thickness and chemical composition
of sediments if removal is selected as the remedial alternative. A summary of
the initial potentially feasible alternatives identified for onsite sediment
and the engineering solutions or technologies comprising each alternative are
presented on Figure 7-4.

AR300781



Potentigity Feasible Remedusl Alternstives : Enprenng Sotution 87 Tachnoiogy

Pumgp and Mau!

Removai
Direct Discharge 10 Stream
Carbon Aswrgtion
- .
Treatment . . A Strpping

v - Other Processes

| No Acuon
\/ FIGURE 7-3
| " ON-SITE SURFACE WATER OPERABLE UNIT

PRELIMINARY REMEDIAL ALTERNATIVES

DORNEY ROAD RI AR300782



Potemaily Feanidie Remedial Alterastives Ene P o Tochasiogy

e

Removpl

A R

Contain On-Site

Leave 1a Pixce

No Act.on

FIGURE 7-4

ON - SITE SEDIMENT OPERABLE UNIT
PRELIMINARY REMEDIAL ALTERNATIVES
DORNEY ROAD RI

AR300783

\

-

\—



REFERENCES
L VALUATIONS

B;own, H.S., Bishop, D.R., and Rowan, C.A. (1984). The role of skin
ion

r eof e re for volatile anjc _compounds (VO
drinking water. American Journal of Public Health 74:479-484. '
Dean, R.B. (1981). tati in_en nmental monitoring.
Chemistry in Water Reuse. Cooper. H J. (ed.). Ann Arbor Science, Ann Arbor,

Michigan. Volume 1.

Environmental Protection Agency (1937a).‘ Reference dose (RfD): Description

.2nd use in health rjsk assessments. Integrated Risk Information System
(IRIS): Intra-Agency Reference Dose (RfD) Work Group, Office of Health and

Environmental Assessment, Washington, DC. EPA 600/8-86-032a.

Environmental Protection Agency (1987b). Interim Guidance on Compliance with
Applicable or Relevant and Appropriate Requirements. Memorandum. -

“Environmental Protection Agency (1986a). Supe d_Pub Health Evaluation
Manual. Office of Emergency and Remedial Response, Washington, DC. Prepared
by ICF, Inc. October 1986. EPA 40/186/060. i

Environmental Protection Agency (1986b). Guidelines for carcinoaen risk
assessment. Federal Register 51:33992-34002, September 24, 1986.

Environmental Protection Agency (1986c). Gu r_exposure assessment.
Federal Register 51:34042-34054, September 24, 1986

Environmental Protection Agency (1986d). Guidelines for the health risk
ssese nt of chemical mixtures. Federal Register 51:34014-34023, September
24, 1986. '

Environmental Protection Agency (1985a). IThe Endangerment Assessment
Handbook. Office of Emergency and Remedial Response, Washington, DC.
Prepared by ICF, ;nc. October 1086. EPA 40/186-060.

Environmental Protection Agency (1985b). 40 CFR Part 141. National primary

nking water requlations: synthet rganic chemicals, inorganic chemicals
3 Ti g rganjsms: pro rule. Federal Register 50:46936-47025, November
1 o8 S - -

. Environmental Protection Agency (1984). Heg1Lb_A;gg;;mgn&_ﬂgsgmgnl;fg_
nic Arsenic. Office of Health and Environmental Assessment, Washington,
DC. EPA-600/8-83-021F.

Feldman, R.J. and Maibach, H. I (1970) Absorption of some organic compounds
Ln_gggh the skin in man. Journal of Investigative Dermatology 54:399-404.

0078L

::;
FR)



References

Page 2 -
v
Foster, S.A. and Chrostowski, P.C. (1987). Inhalatie ures to
anic € wer. Presented at the 80th Annual meeting of

the Air Pollution Control Association, New York, June 21-26, 1987.

LaGoy, P.K. (1987). ima
assessment. Risk Analysis 7(3): 355 359, -

Lucier, G.W., Rumbaugh, R.C., McCoy, Z., Hass, R., Harvan, D., and Albro, K

(1986). Ingestion of soil contaminated with 2.3.7.8-tetrachiorodibenzo-p-
dioxin (TCDD) al h gnzyme a ts. Fundamental and

Applied Toxicology 6:353-481.
McConnel, E.E., Lucier, G.W., Rumbaugh, R.C., Albro, P. W., Harvan, D.J., Hass,

J.R. and Harris, M.M. (1984). n
by rats and gquinea pigs. Science 223: 1077 1079
McLaughlin, T. (1984). Raview of Dermal Absorption. U.S. Eavironmental

Protection Agency, Office of Health and Environmental Assessment, Washington,
DC. EPA/600/8-84/033. _

Mills, W.B., Porcella, D.B., Ungs, M.J., Gherini, S.A., Summers, K.v., Mok,

L., Rupp, G.L., and Bowie, G.L. (1985) W A m

P dure for To and_Conv ollutant: Surface an ound W \
Center for Water Quality Modeling Environmental Research Laboratory, Athens,
Georgia. EPA 600/6-85-002a. U/

' goiger, H. and Schlatter, C. (1980). Influence of solvents and absorbents on
dermal and intestinal absorption of TCDD

] and abso 1 CDD. Food and Cosmetic Toxicology
18:477-481. :

Schaffer, H., Zesch, A., and Stuttgan, 6. (1983). Skin Permeability.
Springer-Yerlag, New York.

Schuam, J.L. (1984). nalysis of TCDD Contaminat . Office of
Health and Environmental Assessment, U.S. Environmental Protection Agency,
Washington, DC. November 1984. EPA 600/8-84-031.

'¥an Den Berg, M., Van Greenengrogr, M., Olie, K., and Hutzinger, 0. (1986).
Bioav gj]abjij;z of PCDDs and PCDFs on fly ash after semi-chronic oral

-1_gg;;_gg_nz_1ng_r§1 Chemosphere 15:509-518.

Yersar, Inc. (1986). Superfun ure Assessm Manu Prepared
;ggstge Office of Emergency and Remedial Response, USEPA. OSHER Directive
1.

Wester, R.C., Mobayen, M,. and Maibach, H.I. (1987). an vi
bsorption and binding to. powered stratum corneum as m th 1u
absorption nvironm 1 _chemical taminants from und an a \

water. Journal Toxicology and Environmental Health 21:367-374.

AR300785



References
Page 3 .

REFERENCES
DIAL INVESTIGATION

'51;g Operations Plan, Addendum, Dorney Rogg_ﬂllg_ December 16, 1987.

| Dorney Road, Remedial Action Master Plan (RAMP).

Bohn, H., B. McNeal and 6. 0’ Connor, 1979. § il Ch g istry. John Wiley and
Sons, Inc .y New York, NY

Brown, K.W., J.C. Thomas, J.F. Slowey, 1983. The Movement of Metals Apgl%ed
to Sojls in Sewage Effluent. MWater, Air, Soil Pollution, Vol. 19, pp 43-54.

Callahan, M.A., M.W. Slimak, N.W. Gabel, C.P. May, G.F. Fowler, J.R. Freed, P.
Jennings, R.L. Durfee, F.C. Whitmore, B. Maestri, W.R. Mahey, B.R. Holt and C.
Gould, 1579. Water-Re d Environmental Fate of Priority Pollutants, 2
volumes. Office of Water Planning and Standards, U.S. Environmental
Protection Agency, Washington DC. EPA 440/4-79-029a,b.

Carey, A.E., J.A. Gowen, T.J. Forehand, H. Tai and G.B. Wiersma, 1980. 'uegvx
Metal Concentrations in Soils of Five united States Cities: 197) Urban

Monitoring Proaram. Pestic. Monit. J., Vol. 13, pp 150-154.

Cline, P.V. and D.R. Viste, 1984, Miqration and Degradation Patterns of
Yolatile Organic Compounds. Hazardous Waste Conference, pp 217-220.

DiToro, D.M. and L.M. Horzempa, 1983. Re esistan mponen .
Mode]l of Hexach biphenyl Adsorption-Desorption Resuspension and Dilution in
al Behavior o he Gr akes. D. Mackay et al., eds., Ann

Arbor Science

Oriscoll, F.G., 1985} Groundwater and Wells, 2nd ed. Johnson Division, St.
Paul, Minnesota, pp. 1089. : , ’

Freeze, R.A. and J.A. Cherry, 1979. Groundwater. Prentice Hall, Englewood
Cliffs, NJ, pp. 604 .

Frost, R.R. and R.A. Griffin, 1977. Effect on pﬂ on Adsorption of Arsenic and
: 5m m and 1 ha e 2 ertal Soil Science, Soc. Am. J.
. §1:53-57

Gillham, R.W., 1982, 'Applicability of Solute Transport Models to Problems of
Aquifer Rehabilitation in Aquifer Restoration and Ground Water
Rehabilitation, Proceedings of the 2nd National Symposium on Aquifer
Restoration and Ground Water Modelng.

Griffin, R.A. and S.F.J. Chou, 1981. Movement of PCBs and o;ggr Persistent
mpounds through Soil. Nat. Sci. 13:1153-1163.

AR300786



Refarencas
Page 4-. - ) )

Griffin, R.A., A.K. Au, and R.R. Frost, 1977 gffgg; of oH on Adsorption of

hromium from Lan 1- hate b J. Environ. Sci. Health
12:431-449. i

" Gupta, S. and K.Y. Chen, 1978. Arsenic Removal .by Adsorptien. J. Water
Pollution Control Fed., Vol. 50, pp 483-506.

Holtzclaw, K.M., D.A. Keech, A L. Page, G. Esposito, T.J. Ganji{i and N.B.

Ball, 1979. 71 M ng the H a
acti Na } Sew . J. Environ.

Quality, Vol. 7, pp 123-127.

Huang, C.P., H.A. Elliott and R.M. Ashmean, 1977. 1n;g;fggigl_gggggigng_gng
tgg th%SOF Heavy Matals in Soil-Water Systems. J. Water Pollut. Control Fed.
49:745-756.

James, B R. and R.J. Bartlett, 19833. havi f um_in
mplex . J. Environ. Quality, Vol 5,
pp 159 172. ~
James, B.R. and R.J. Bartlett, 1983b. Behavior of Chromium in Soils: VII,
~ Adsorption and Reduction of Hexavalent Forms. J. Environ. Quality, Veol. 12,
pp 177-181.

)
_Kabata-Pendias, A., and H. Pendias, 1984. TIrace Elements in Soils and Plants. \_ /
CRC Press, Boca Raton, Florida.

Kleipfer, R.D., D.M. Easley, B.P. Haas, T.G. Delhl, D.E. Jackson and C.J.
Wurrey, 1985. Angerobic Dearadation of Tetrachloroethvlene in Sqil. Eaviron.
Sci. Technol. 19:277-280. .

Korte, N.E., J. Skopp, W.H. Fuller, E.E. Nievla, B.A. Alesii, 1976. Irace

Qv

Properties. Soil Sci. Vol. 122, pp 350-359.
Lyman, . J.. H F. Reehl, and D.H. Rosenblatt, 1982. Handbook of Chemical
n M : Environm 1 _Beh f a Compounds.

McGraw-Hill Book Co., NY.

Mabey, W.R., J.H. Smith, R.T. Podoll, H.L. Johnson, T. Mill, T.N. Chou, J.
-Gates, I. Waight Partridge, H. Jaber, and D. Vandenberg, 1982 Agquatic Fate
. Office of Water Regulations and

Standards, Washington, DC., December 1982. EPA 44/4-81-014.

National Academy of Sciences (NAS); 1979. Po rinated henyls; A Re
Prepared by the Committee on the Assessment of Polychlorinated Biphenyls.
NAS, Washington, DC, pp. 182.

l

r

)

\4,
AR300787 |



—
’

(\'/k’

References
Page 5 -

‘Parsons, F., P.R. Wood and J. Demarco, 1984. JIransformations of
n

Tetrachloroethane and Trichloroethene in Microcosms and Groundwater Research
and Technoloay. pp 56-59. E

Ryan, 1978. Site Remedial Action Master Plan (RAMP). :
Schirado, 7., I. Vergata, E.G. Schschza, P.F. Pratt, 1986. Evidence for

0 f Heavy Me in_a Soil W ntr d Wa Water. J.
Environ Quality, Vol. 15, pp 9-92.

"Schwartzenbach, R.P., W. Giger, E. Hoehn, and J.F. Schneider, 1983. Behavior

anti mpound rin f jon of River MWate Groundwa
Environ. Sc. Technol. 17:472-479. | - .
Science App11cat10n International Corp. (SAIC), 1985. Summary of Available
ed h urrence of loride and Groundwater a

n a roduc ther Volatile Organic ;hemiga]g Prepared for the
v.s. Envfronmental Protection Agency, Washington, DC. NTIS PB 86-117868.

Sims, J.P., P. Duangpatra, J.H. Ellis, R.E. Phillips, 1979. Distribution of

- Avajlable Manganese in Kentucky Soils. Soil Science, Vol. 127, pp 270-274.

Smith, L.R. and J. Dragun, 1984. Degrad n_of ile Chlorinated Alphatic
Priority Pollutants in Groundwater. Environ. Int. 10;291-298.

Strobel, G.A., 1967. gggnjge Utilization in Soil. Soil Sc. 103:299-302.

Sullivan, K.F., E.L. Atlas, and C.S. Giam, 1982. Adsorption of Phtalic Acid
Esters from Seawater. Environ. Sci. Technol. 16:248-432.

Thomspon, D.B., 1987. "A Microcomputer Program for the Interpretation of
Time-Lag Permeability Tests" in Ground Water, Vol. 25, No. 2.

Tucker, E.S., V.M. Saeger, and C. Hicks, 1975. Ac d Sludge Primar
Biodegradation of Polychlorinated Biphenyls. Bulletin Environ. Contam.
Toxicol. 14(6)705-713. .

U.S. Environmental Protection Agency (EPA), 1980. Ambient Water Quality for

ated Biphenyls. U.S. EPA Environmental Criteria and Assessment

~Office, Washington, DC.

U.S. Environmental Protection Agency, 1983. Hazardous Waste Land Treatment.
SW-874, Office of Solid Waste and Emergency Response, Washington, DC.

U.S. Environmental Protection Agency, Office of Drinking Water, 1985a. Draft
Barium Health Advisory, Washington, DC.

U.S. Environmenta) Protection Agency, 1986a. Superfund Public Health
Evaluation Manual. Office of Emergency and Remedial Response, Washington, DC,
EPA 40/186/060.

AR300788



ra

'lﬁ'h,,l,g;-

References. - IR
Page 6 = - VT
/
Yerschueren, K., 1983. Handbgok of Environmental Dat Orga
Van Nostrand Reinhold, NY, pp. 1310.
Yogel, T.M. and ; .L. McCarty, 1985. nsf oroat
HMML&BLJH&M&&MMMMMMLMJM
LL5uﬂLJﬂg&hgggggﬂig_ggggjjjg_i Applied Environmental Microbiology, pp 1080-
1083.
Weber, W.J. et al., 1983. Sorpton of H h Compoun Sediment
Soils and Suspended Solids. Water Res. 17(10):1445.
Wilson, J.T., J.F. McNabb. 8.H. Wilson and M.J. Noonan, 1983.
igtransof t ) ted Organi 1lutants in Groundwater - opme
m_lmmg_ﬁismmlm pp 225-233. o
Wilson, J.T. and B.H. Wilson, 1984. ransforma hylen
Soil. Applied Environmental Microbiology, pp 242-243.

"~ Wood, C.R., H.N. Flippo, Jr » J.B. Lescinsky and J.L. Barker, 1972. gggg;
Resources of Lehigh County, Pennsylvania. Bureau of Topographic and Geologic
Survey, Water Resources Report 31, pp. 263.

Wood, C.R. and D.B. Maclachlan, 1978. & and Groundwater R C : \\_4}

North Berks Coun Pennsylvania. Bureau of Topographic and Geologic
Survey, Water Resource Report 34, pp. 91.

Wolfe, N.L., L.A. Bufns, and W.C. Steen, 1980. _sg__f_j._;q_;_&g_ﬁ_r_q_z

R i nd a uativ d anspo
Phthalat in th ua nment. Chemosphere 9:393-402.

Zabik, M.J., 1983. The Photochemistry of PCBs, in PCBs: Human and
Environmental Hazards. F.M. D’Itri and M.A. Kamrin, eds., Butterworth
Boston.

AR300789

C.
— L Y -



